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INTRODUCTION  AND  SUNMARY 


NODULE  STRUCTURE 

The  landing  gear  module  is  written  in  FORTRAN  IV  extended  for  the 
CDC  16600  conputer.  It  is  contained  in  overlay  (6,0),  which  is  considerably 
smaller  than  the  50,000-octal  core  limit  of  SWEEP. 

The  landing  gear  module  consists  of  a main  program,  LANDGR,  and  five 
subroutines  - LGEAR,  LGWT,  LOADS,  LG3P,  and  BMOR: 

• LANDGR  - Reads  input  data 

• LGEAR  - Determines  drag,  side,  and  vertical  loads  on  wheels 

• LOADS  - Determines  axial  and  normal  loads  on  strut 

• LGl\T  - Computes  weight  of  landing  gear 

• BMOR  - Determines  bending  modulus  of  rupture  and  torsion  modulus 

of  rupture 

• LG3P  - Three-point  interpolation  routine 
DESIGN  PARAMETERS 

The  design  parameters  which  are  included  in  the  landing  gear  analysis 

are: 

• Takeoff  and  landing  weights  of  aircraft 

• Wing  area 

• Center  of  gravity  of  aircraft  at  takeoff  and  landing  weights 

• Distance  from  center  of  gravity  to  ground 

• Landing  speed  at  takeoff  and  landing  weights 

• Sink  speed  at  takeoff  and  landing  weights 
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• Load  factor  at  takeoff  and  landing  weights 

• Coefficient  of  lift  at  takeoff  and  landing  weights 

• Material  properties  (density,  modulus  of  elasticity,  ultimate  tensile 
strength,  yield  conpression  strength,  Poisson's  ratio) 

• Fuselage  station  of  main  and  nose  gears 

• Distance  between  main  gear  struts 

• Length  of  main  and  nose  gear  struts 

• Stroke  of  main  and  nose  gears 

• Piston  diameter  of  main  and  nose  gears 

• Eccentricity  of  main  and  nose  gear  wheels 

• Number  of  wheels  per  strut  for  main  and  nose  gears 

• Strut  angles  (fore-aft  and  lateral)  of  main  gear 

• Strut  angle  (fore-aft)  of  nose  gear 

• Dimensions  of  main  and  nose  gear  tires 


LANDING  GEAR  LOADS 

The  landing  gear  loads  analysis  in  subroutine  LGEAR  follows  the 
procedure  outlined  in  MIL-A-008862A  (USAF).(l) 

The  axial  and  normal  loads  on  the  strut  are  determined  for  eight  load 
conditions.  These  eight  conditions  are  shown  in  Figure  36. 

The  loads  for  the  two-point  landing,  spin-up,  spring-back,  and 
unsymmetrical  braking  load  conditions  are  determined  at  both  the  takeoff  and 
landing  weights  for  both  the  main  and  nose  gears. 

The  loads  for  the  braked  roll  and  drift  landing  conditions  are  determined 
at  both  the  takeoff  and  landing  weights  for  the  main  gear  only. 


1.  Military  Specification  MIL-A-008862A  (USAF),  "Airplane  Strength  and 
Rigidity,  Landing  and  Ground  Loads,"  31  March  1971. 
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Figure  36.  Load  conditions  analyzed  in  subroutine  LGEAR. 


The  loads  for  the  towing  and  turning  conditions  are  determined  at  the 
takeoff  weight  only  for  both  the  main  and  nose  gears. 

The  program  user  may  bypass  the  loads  analysis  and  specify  the  design 
loads  in  the  variable  input  data. 


LANDING  GEAR  WEIGHTS 

The  weight  of  the  landing  gear  is  determined  by  analytical  methods  for 
as  much  of  the  gear  as  is  practicable.  A statistical  method  is  then  used  to 
compute  the  "miscellaneous  weight"  which  will  produce  a total  weight 
consistent  with  the  known  weights  of  many  past  landing  gears. 


I 

*1 
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The  parts  of  the  landing  gear  which  are  treated  analytically  are 
listed  in  the  following  paragraphs,  along  with  a brief  suranary  of  the  method 
used. 


OUTER  CYLINDER 

The  geometry  of  the  outer  cylinder  is  shown  in  Figure  37.  The  weight  is 
determined  by  calculating  the  areas  at  sections  1,  2,  and  3,  which  are  at  the 
top,  midpoint,  and  bottom  of  the  outer  cylinder.  The  area  at  each  section  is 
calculated  by  searching  for  the  value  of  the  ratio  of  outside  diameter  to  wall 
thickness  for  which  the  geometric  area  equals  the  area  required  for  strength. 


Trunnion 
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INNER  CYLINDER  (PISTON) 


The  geometry  of  the  inner  cylinder  is  also  shown  in  Figure  37.  The 
inner  cylinder  has  a constant  outside  diameter,  the  piston  diameter,  which  is 
either  given  in  the  input  data  or  calculated  as  a function  of  the  static  load. 
The  inner  cylinder  extends  from  the  axle  to  section  2,  the  midpoint  of  the 
outer  cylinder.  The  area  of  the  inner  cylinder  at  section  4 is  calculated 
in  the  same  manner  as  the  areas  of  the  outer  cylinder.  The  weight  of  the 
inner  cylinder  is  then  calculated  by  using  the  area  at  section  4 as  the  con- 
stant area  from  the  axle  to  section  3,  and  using  an  area  based  on  an  assumed 
diameter  to  wall  thickness  ratio  as  the  area  between  sections  3 and  2. 


AXLE 


The  geometry  of  the  axle  is  shown  in  Figure  38.  The  length  of  the  axle 
is  the  width  of  the  tire  plus  one-half  the  inner  cylinder  (piston)  diameter. 


Figure  38.  Axle  geometry. 
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The  bending  and  torsion  moments  on  the  axle  ere  determined  by  assuming 
that  the  gross  weight  of  the  aircraft  is  divided  evenly  among  the  total 
number  of  main  gear  wheels,  or  that  the  static  load  on  the  nose  gear  is 
divided  evenly  among  the  nose  gear  wheels,  but  that  one  tire  is  flat  when 
there  are  two  wheels  on  a strut,  and  that  two  tires  on  one  strut  are  flat 
when  there  are  four  wheels  on  a strut. 

The  diameter  of  the  axle  at  the  side  of  the  piston  is  determined,  and 
the  weight  is  calculated  by  using  this  area  as  the  constant  diameter  of  the 
axle. 


The  axle  is  a solid  cylinder,  but  the  bending  modulus  of  rupture  and 
the  torsion  modulus  of  rupture  used  in  the  calculation  of  the  diameter  are 
based  on  a diameter -to -wall -thickness  ratio  equal  to  10. 


BOGIE 


The  geometry  of  the  bogie  is  shown  in  Figure  39.  The  length  of  the  bogie 
is  equal  to  the  piston  diameter  plus  1.1  times  the  outside  diameter  of  the 
tires. 
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The  weight  of  the  bogie  is  calculated  only  when  there  are  four  tires  per 
strut  on  the  main  gear.  The  bending  and  torsion  moments  on  the  bogie  are 
determined  by  assuming  that  both  tires  on  one  axle  are  flat.  The  area  at  the 
midpoint  of  the  bogie  length  is  calculated  from  the  moments  and  an  assumed 
value  of  the  ratio  of  outside  diameter  to  cylinder  wall  thickness.  The  weight 
of  the  bogie  is  calculated  by  using  the  area  at  the  midpoint  as  the  constant 
area  of  the  bogie. 


DRAG  AND  SIDE  STRUTS 

The  geometry  of  the  drag  strut  or  the  side  strut  is  shown  in  Figure  40. 
The  drag  and  side  struts  are  assumed  to  be  solid;  therefore,  the  area  is  the 
load  divided  by  the  compression  yield  strength. 
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The  normal  load,  NL,  which  determines  the  weight  of  the  side  strut  is  the 
larger  of  the  normal  loads  from  the  drift  landing  and  turning  conditions.  The 
normal  load  which  determines  the  weight  of  the  drag  strut  is  the  largest  load 
from  the  six  load  conditions  which  act  in  the  fore-aft  direction  - two-point 
landing,  spinup,  springback,  braked  roll,  unsynmetrical  braking,  and  towing. 


OIL 


The  weight  of  the  oil  is  a function  of  the  stroke,  the  piston  diameter, 
and  an  assumed  oil  density. 


TIRES,  TUBES,  AND  WHEELS 

The  weight  of  the  tires,  tubes  and  wheels  is  calculated  from  the 
diameter  and  width  of  the  tires. 


BRAKES 

The  weight  of  the  brakes  is  a function  of  the  weight  of  the  aircraft,  the 
landing  speed,  and  an  assumed  ratio  of  pounds  of  brakes  to  foot-pounds  of 
kinetic  energy. 


WEIGHT  COEFFICIENTS 

Coefficients  may  be  applied  to  the  calculated  weights  of  the  inner 
cylinder,  outer  cylinder,  bogie  drag  strut,  and  side  strut.  Coefficients 
may  also  be  applied  to  the  total  weight,  including  the  calculated  miscel- 
laneous weight,  of  either  the  main  gear  or  nose  gear. 

These  coefficients  can  be  used  to  account  foi  configurations  which  are 
not  similar  to  the  simplified  landing  gear  design  assumed  in  this  program. 

A fixed  weight  may  also  be  input  to  account  for  any  weight  item  not 
included  in  this  program. 


MODULE  OPERATION 
MASS  STORAGE 

The  input  data  to  the  landing  gear  module  are  contained  in  one  data  array 
with  116  locations.  This  array  is  stored  in  mass  storage  file  record  25. 
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Mass  storage  file  record  25  is  read  in  LANDGR.  No  mass  storage  file 
records  are  written  in  the  landing  gear  program. 


PERMANENT  DATA 

The  first  45  locations  in  the  input  data  array  are  permanent  data,  and 
are  read  from  the  permanent  data  file,  TAPE7,  in  the  first  case  of  each  job. 
Table  31  lists  the  variables  in  these  permanent  data  and  the  values  which  are 
stored  in  the  permanent  data  file. 

These  permanent  data  values  may  be  changed  by  reading  new  data  into  these 
locations  when  the  variable  input  data  for  each  case  are  read.  Ihe  new  value 
will  remain  in  the  input  data  for  each  following  case  in  the  job,  but  does  not 
change  the  value  stored  in  the  permanent  data  file. 

Some  of  the  permanent  data  values  which  the  program  user  may  want  to 
change,  in  order  to  better  approximate  a specific  landing  gear  design,  are 
as  follows  (refer  to  Table  31  for  a complete  list  of  permanent  data: 

1.  The  ultimate-to-limit-load-factor  ratio  (1.5  now  assumed  in  the 
permanent  data  file) 

2.  The  number  of  main  gear  struts  (two  now  assumed) 

3.  The  fraction  of  energy  absorbed  by  the  strut  (0.1  now  assumed) 

4.  The  pounds  of  brake  weight  per  foot-pound  of  kinetic  energy 
(0.408  x 10”5  lb/ft-lb  now  assuned) 

5.  Ihe  density  of  oil  (0.03  lb/ in. 3 now  assumed) 

6.  The  values  of  diameter  to  cylinder  wall  thickness  for  the  axle, 
bogie,  and  upper  portion  of  the  inner  cylinder  (10,  20,  and  50, 
respectively,  now  assumed) 

7.  The  ratio  of  the  nose  gear  piston  diameter  to  the  main  gear  piston 
diameter,  used,  when  the  nose  gear  piston  diameter  is  not  given  in 
the  input  data  (0.6  now  assumed). 

8.  The  stroke  coefficients,  used  to  determine  the  "effective  stroke" 
of  the  main  and  nose  gears  at  takeoff  and  landing  weights  (1.0  now 
assumed) 


16% 


490 


9. 


The  fraction  of  the  strut  length  from  the  axle  to  each  of  the  four 
sections  at  which  the  area  is  calculated  (1.0,  0.6,  0.2,  and  0.12 
now  assumed) 

10.  The  miscellaneous  weight  factors  for  the  main  and  nose  gears 


VARIABLE  INPUT  DATA 

The  variable  input  data  are  contained  in  locations  46  through.  116  of  the 
landing  gear  input  data.  These  variable  input  data  are  described  in  Table  32. 
The  variable  input  data  in  locations  46  through  116,  along  with  the  changes, 
if  any,  to  the  permanent  data  in  locations  1 through  45,  are  placed  in  the 
SWEEP  input  data  deck  behind  an  identification  card  containing  "LG"  in 
columns  1 and  2. 

The  landing  gear  module,  overlay  (6,0),  may  be  run  as  a stand-alone 
program.  In  this  case,  only  the  data  read  module  the  landing  gear  module, 
and,  if  wanted,  the  final  output  module  will  be  called. 

All  of  the  data  required  for  the  landing  gear  module  must  be  included 
in  the  landing  gear  data  deck  when  the  module  is  run  in  a stand-alone  mode. 
However,  when  the  data  management  module  is  also  executed  (or  has  been  executed 
in  a previous  case  in  this  job),  the  data  in  17  locations  of  the  landing  gear 
variable  data  may  be  emitted.  These  locations  are  listed  in  Table  29. 

The  data  in  the  17  locations  listed  in  Table  29  are  also  included  in  the 
general  input  data,  which  must  be  input  before  the  data  management  module  can 
be  executed.  Location  46,  which  contains  the  takeoff  weight,  is  used  to 
indicate  that  these  data  values  are  to  be  transferred  to  the  landing  gear 
data.  The  value  in  location  46  is  stored  in  location  24  of  array  XMISC, 
which  is  in  labeled  common  block/MISC/.  When  this  value  is  0,  subroutine 
DLNDGR  in  the  data  management  module  will  read  mass  storage  record  25.  The 
data  listed  in  Table  29  will  be  placed  in  the  landing  gear  data  array,  and 
the  revised  record  25  will  be  written  in  the  mass  storage  file. 

Note  that  values  will  be  placed  in  all  of  the  17  locations  listed  in 
Table  29  when  the  value  in  location  46  is  0,  so  that  any  value  input  in  one  of 
the  other  16  locations  in  the  landing  gear  input  data  would  be  replaced. 
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TABLE  29.  LANDING  GEAR  DESIGN  DATA  FROM  DATA  MANAGEMENT  MODULE 


Loc 

Description 

46 

Takeoff  weight,  lb 

47 

Landing  weight,  lb 

48 

Aborted  takeoff  4 weight,  lb 

49 

Fuselage  station  of  CG  of  aircraft  at  takeoff,  in. 

50 

Fuselage  station  of  CG  of  aircraft  at  landing,  in. 

51 

Distance  from  aircraft  CG  to  ground,  ir. . 

52 

Fuselage  station  of  main  gear,  in. 

S3 

Fuselage  station  of  nose  gear  (or  tail  wheel),  in. 

54 

Distance  between  main  gear  struts,  in. 

72 

Axle  to  trunnion  length  of  main  gear  strut  with 
piston  extended,  in. 

73 

Stroke  of  main  gear,  in. 

81 

Axle  to  trunnion  length  of  nose  gear  with  piston 
extended,  in. 

82 

Stroke  of  nose  gear,  in. 

89 

Sink  speed  at  takeoff  weight,  ft/sec 

90 

Sink  speed  at  landing  weight,  ft/sec 

91 

Landing  speed  at  takeoff  weight,  ft/sec 

92 

Landing  speed  at  landing  weight,  ft/sec 

Variable  Input  Data  Options 


The  program  user  has  several  options  when  filling  out  the  landing 
gear  variable  data.  These  options  are  summarized  here,  and  are  described  in 
greater  detail  in  Section  II  and  in  the  notes  following  Table  32. 

1.  The  calculation  of  the  landing  gear  loads  may  be  bypassed.  In  this 
case,  the  program  user  must  specify  the  design  loads  in  the  input 
data. 

2.  The  auxiliary  gear  may  be  a tail  wheel  instead  of  a nose  gear.  The 
tail  wheel  weight  is  determined  by  a single  statistical  equation. 

3.  The  piston  diameter  may  be  input,  or  the  program  may  compute  the 
piston  diameter  from  the  static  load  cm  the  strut. 

4.  The  landing  speeds  may  be  input,  or  the  program  may  compute  the 
landing  speeds  from  the  coefficients  of  lift,  the  wing  area,  and  the 
takeoff  and  landing  weights. 

5.  The  load  factors  may  be  input,  or  the  program  may  compute  the  load 
factors  from  the  strokes,  the  sink  speeds,  the  wing  lift  coefficient, 
and  the  tire  diameter. 

6.  The  wheel,  tire,  and  tube  weights  may  be  input,  or  they  may  be 
conputed  by  the  program  from  the  tire  dimensions. 

7.  The  brake  weight  may  be  input,  or  the  program  may  compute  the  brake 
weight  from  the  takeoff  weight  and  the  landing  speed. 

8.  The  inertia  of  the  main  gear  wheels,  tires,  tubes,  and  brakes  may  be 
input,  or  it  may  be  conputed  by  the  program  from  the  wheel,  tire, 
tube,  and  brake  weights  and  the  tire  dimensions. 

9.  The  effect  of  the  deflections  (fore-aft,  lateral,  and  angular)  of 
the  strut  may  be  included  or  may  be  omitted  in  the  calculations  of 
the  weight  of  the  inner  and  outer  cylinders.  If  there  are  no 
deflections  (and  the  eccentricity  of  the  wheels  is  0) , the  axial 
load  on  the  strut  has  no  moment  arm,  and  all  the  bending  moment  on 
the  strut  comes  from  the  normal  load. 

The  program  first  computes  the  weight  of  the  inner  and  outer 
cylinders  with  no  deflections  on  the  strut.  If  the  deflections  are 
not  to  be  included,  this  completes  the  analysis.  If  the  effect  of 
the  deflection  is  to  be  included,  the  deflections  are  determined  and 


493 


F 


the  weights  are  recalculated  with  the  increased  moment  resulting 
from  the  deflection.  This  loop  continues  for  a maximum  of  six 
passes,  or  until  the  difference  between  the  areas  calculated  at 
section  2,  Figure  37,  for  two  successive  passes  is  less  than  a given 
tolerance. 


OUTPUT 

Program  LANDGR  and  subroutine  LGEAR  will  produce  printed  output  if  the 
appropriate  print  indicator  is  aimed  on.  Program  LANDGR  will  print  (on  one 
page)  the  variable  input  data  in  locations  46  through  116.  Subroutine  LGEAR 
will  print  (on  one  page)  the  landing  gear  loads. 

The  weight  summary,  design  data,  deflections,  and  CG  data  for  the  main 
gear  (one  page)  and  the  nose  gear  (one  page)  are  always  printod  in  subroutine 
LGWT. 


Comments,  Warning  Messages,  and  Error  Messages 


There  are  no  warning  messages  or  error  messages  printed  in  the  landing 
gear  program. 

The  only  comment  printed  is  a reminder  to  the  program  user  that  if  the 
design  load  conditions  indicators  are  all  0,  this  means  that  the  loads  were 
not  computed  but  were  supplied  by  the  user  in  the  input  data. 
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Section  II 


METHODS  AND  FORMULATIONS 


GENERAL  DISCUSSION 


An  analytical  approach  to  strut  weight  estimation  which  is  applicable  to 
both  main  and  nose  gears  is  used.  This  approach  idealizes  the  strut  as  a 
cantilevered  member  designed  to  the  spectrum  of  ground  loads.  Wheels , brakes, 
tires,  and  tube  weights  are  either  user  input  or  calculated  by  the  program. 
Statistical  equations  are  used  to  calculate  these  components . 

Specific  design  data  development  and  weight  calculation  functions  are 
divided  into  separate  routines  which  are  called  by  the  landing  gear  weight 
estimation  module  control  program  LANDGR.  Methods  employed  are  described 
herein  in  the  order  that  they  are  used  in  the  program.  Table  30  is  a list  of 
symbols  that  are  used  in  the  formulations  that  follow.  Subscript  I in  this 
table  is  used  to  represent  the  four  strut  sections,  Figure  37. 


TABLE  30.  LIST  OF  SYMBOLS  IN  METHODS  AND  FORMULATIONS 


Symbol 

Description 

Units 

AA 

Scratch  variable 

A 

Distance  from  CG  to  main  gear,  either  AT0  or  AL 

in. 

ACM 

Scratch  variable 

al 

Distance  from  CG  at  landing  to  main  gear 

in. 

Aro 

Distance  from  CG  at  takeoff  to  main  gear 

in. 

AG 

Geometric  area  for  assumed  value  of  DOT 

in.2 

AL 

Axial  load  on  strut  at  this  load  condition 

lb 

ALOAD 

Axial  load  on  strut 

lb 

alSb 

Axial  load  on  either  main  or  nose  gear  strut  at 
either  takeoff  or  landing  weight  for  spring- 

back  condition 

lb 

ANG 

Angle  between  resultant  load  and  strut 

radians 

AREAJ 

Maximum  of  areas  computed  at  section  I for 

each  load  condition 

in.2 

AREAC 

Final  area  of  cylinder  section  for  load 

condition 

in.2 

AS 

Area  required  for  strength  for  assumed  value 

of  DOT 

in.2 

AXLGTH 

Length  of  axle 

in. 
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TABLE  30.  LIST  OF  SYMBOLS  IN 


AND  FORMULATIONS  (CONT) 


Synfcol  Description  Units 


Synfcol  Description  Units 


AXLOAD  Total  load  on  axles  for  either  main  or  nose  gear  lb 

A1  Fore -aft  angle  of  strut  radians 

A2  Lateral  angle  of  strut  radians 

BB  Scratch  variable 

B Distance  from  CG  to  nose  gear,  either  Bjq  or  Bl  in. 

Bl  Distance  from  CG  at  landing  to  nose  gear  in. 

Bro  Distance  from  CG  at  takeoff  to  nose  gear  in. 

BOI  Scratch  variable 

BD  Diameter  of  bogie  in. 

EMAX  Bending  moment  on  each  axle  in. -lb 

EMB  Bending  moment  at  midpoint  of  bogie  in. -lb 

BMRj  Resultant  of  fore-aft  and  lateral  bending 

moments  at  section  I in. -lb 

BMRU  Bending  modules  of  rupture  lb/in.2 

BMYi  Fore-aft  bending  moment  at  section  I in. -lb 

BMYDZ  Fore-aft  bending  moment  from  condition  which 

produced  max  area  at  section  2 in. -lb 

EMZj  Lateral  bending  moment  at  section  I in. -lb 

BMZDZ  Lateral  bending  moment  from  condition  which 

produced  max  area  at  section  2 in. -lb 

BOGL  Length  of  bogie  in. 

BRAKES  Weight  of  brakes  per  aircraft  lb 

BRC  Braked  roll  constant 

BUT  Weight  of  bogie  lb 

CGjq  CG  of  aircraft  at  takeoff  in. 

CGG  Distance  from  CG  to  ground  in. 


CLl  Coefficient  of  lift  at  landing  weight 

CLjo  Coefficient  of  lift  at  takeoff  weight 

CLft  Wing  lift  coefficient 

CRFA  Cosine  of  angle  between  resultant  load  and 

fore-aft  direction 

CRL  Cosine  of  angle  between  resultant  load  and 

lateral  direction 

CRV  Cosine  of  angle  between  resultant  load  and 

vertical 

CSFA  Cosine  of  angle  between  strut  and  fore- aft 

direction 

CSL  Cosine  of  angle  between  strut  and  lateral 

direction 

CSV  Cosine  of  angle  between  strut  and  vertical 


496 


TABLE  30.  LIST  OF  SYMBOLS  IN  METHODS  AND  FORMULATIONS  (COOT) 


Symbol 

Description 

Units 

DF 

Drag  (fore-aft)  load  on  wheels 

lb 

DIAX 

Outside  diameter  of  cylinder  at  section  I for 

assumed  value  of  DOT 

in. 

DIAAX 

Diameter  of  axle  at  side  of  piston 

in. 

DIADZ 

Diameter  of  outer  cylinder  at  section  2 

in. 

DIAM 

Final  outside  diameter  of  cylinder  for  this 

load  condition 

in. 

DIST 

Distance  from  main  gear  to  nose  gear 

in. 

DLLNG! 

Length  from  ground  to  section  I 

in. 

DMGS 

Distance  between  main  gear  struts 

in. 

DOIL 

Density  of  oil 

lb/in.  ^ 

DOT 

Diameter  to  wall  thickness  ratio 

DOTB 

Assumed  value  of  DOT  for  bogie 

D0T32 

Assumed  value  of  DOT  of  inner  cylinder  between 
sections  2 and  3 

D0VRT2 

Diameter  to  wall  thickness  ratio  at  section  2 

DOVT 

Final  interpolated  value  of  DOT  for  which  R * 1 

DP 

Piston  diameter,  either  Dfy  or  DPn 

in. 

DI\, 

Diameter  of  main  gear  piston 

in. 

DPN 

Diameter  of  nose  gear  piston 

in. 

DSivT 

Weight  of  main  or  nose  gear  side  strut 

lb. 

DOT 

Aborted  takeoff  delta  weight 

lb. 

E 

Modulus  of  elasticity 

lb/ in. 2 

ECC 

Eccentricity  of  wheels 

in. 

FCY 

Compression  yield  stress 

lb/in.2 

FEA 

Fraction  of  energy  absorbed  by  strut 

fsm 

Fuselage  station  of  main  gear 

in. 

FSV 

Fuselage  station  of  nose  gear 

in. 

FTOW 

Tow  load 

lb 

FVSU 

Vertical  spinup  load  at  time  TSU  on  either 
main  or  nose  gear  at  either  takeoff  or 

landing  weight 

lb 

g 

Gravitational  constant 

ft/sec2 

G 

Modulus  of  rigidity 

lb/ in. 2 

GROT 

Gross  weight,  either  GROTyp  or  GROTl 

lb 

GROTl 

Landing  gross  weight 

lb 

GROTjq 

Takeoff  gross  weight 

lb 

497 


fi-*  JZsfa&k 


TABLE  30.  LIST  OF  SYMBOLS  IN  METHODS  AND  FORMULATIONS  (COOT) 


Symbol 

Description 

Units 

I 

Section  index 

12 

Moment  of  inertia  at  section  2 

in.4 

IW 

Inertia  of  wheels,  tires,  tubes,  and  brakes, 

slug-ft2 

either  Ilfy  or  Ityj 

1* 

Inertia,  per  strut,  of  main  gear  wheels,  tires, 

slug-ft2 

tubes , and  brakes 

IW N 

Inertia  of  nose  gear  wheels , tires , and  tubes 

slug-ft2 

L\GTMX 

Length  from  axle  to  section  I 

in. 

NG 

Load  factor,  either  NGl  or  NG-po 

ngl 

Load  factor  at  landing  weight 

N&ro 

Load  factor  at  takeoff  weight 

ML 

Normal  load  on  the  strut  at  this  load  condition 

lb 

nlsb 

Normal  load  on  either  main  or  nose  gear  strut 
at  either  takeoff  or  landing  weight  for 

springback  condition 

lb 

%U 

Normal  load  on  either  main  or  nose  gear  strut 
at  either  takeoff  or  landing  weight  for 

spinup  condition 

lb 

OD 

Outside  diameter  of  tires,  either  0E^  or  ODfo 

in. 

odm 

Outside  diameter  of  main  gear  tires 

in. 

0D\ 

Outside  diameter  of  nose  gear  tires 

in. 

PHIax 

Angular  deflection  at  bottom  of  strut 

radians 

PHI  j 
PI 

Angular  deflection  at  section  I 

radians 

Ratio  of  circunference  of  circle  to  diameter 
of  circle 

PLOAD 

Normal  load  on  strut 

lb 

R 

Ratio  of  area  required  for  strength  to  geo- 
metric area 

RADPD 

Scratch  variable 

RB2 

Ratio  of  deflections  at  bottom  of  strut  to 
deflections  at  section  2 

RHO 

Density  of  material 

lb/in.3 

RI2 

Ratio  of  deflection  at  section  T to  deflection 
at  section  2 

RLOAD 

Resultant  load  of  drag,  side,  and  vertical 

loads  on  wheels 

lb 
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TABLE  30.  LIST  OF  SYMBOLS  IN  METHODS  AND  FORMULATIONS  (GONT) 


Synfcol 

Description 

Units 

% 

Wing  area 

ft2 

SF 

Side  (lateral)  load  on  wheels 

lb 

SS 

Sink  speed 

ft/sec 

SSL 

Sink  speed  at  landing  weight 

ft/sec 

SSto 

Sink  speed  at  takeoff  weight 

ft/sec 

SSWT 

Weight  of  main  or  nose  gear  side  strut 

lb 

STREFF 

Effective  stroke  of  main  or  nose  gear  at 

takeoff  or  landing  weight 

ft 

STROKE 

Stroke  of  either  main  or  nose  gear 

in. 

strokel 

Effective  stroke  of  main  gear  at  landing 

weight 

ft 

STROKE^ 

Effective  stroke  of  main  gear  at  takeoff 

weight 

ft 

STRUT*. 

Number  of  main  gear  struts 

STRUTS 

Number  of  struts,  main,  or  nose  gear  (always 
1 for  nose  gear) 

SW 

Static  load  on  each  main  gear  strut 

lb 

T 

Ultimate  tensile  strength  divided  by  1,000 

lb/in. 2 X 10- 3 

TAILWT 

Weight  of  tail  wheel 

lb 

TMAX 

Torsion  moment  on  each  axle 

in. -lb 

1MB 

Torsion  moment  at  midpoint  of  bogie 

in. -lb 

TMOR 

Torsion  modulus  of  rupture 

lb/.n.2 

TOTAL 

Total  weight  of  either  main  or  nose  gear 

lb 

TOTCAL 

Total  calculated  structure  weight  of  either 

main  or  nose  gear 

lb 

TOTLN’G 

Length  of  strut,  axle  to  trunion 

in. 

TOTSTW 

Total  calculated  weight  of  either  main  or 

nose  gear 

lb 

TPMIj 

Torsional  bending  moment  at  section  I 

in. -lb 

TPHIDZ 

Torsion  moment  from  condition  which  produced 

max  area  at  section  2 

in. -lb 

TSU 

Time  for  wheel  circumferential  velocity  to 

reach  ground  velocity 

sec 

Weight  per  aircraft  of  main  gear  tubes  and 

tires 

lb 

ttn 

Weight  per  aircraft  of  nose  gear  tubes  and 

tires 

lb 

TV 

Time  to  develop  vertical  reaction 

sec 

*■"  -•  - 
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TABLE  30.  LIST  OF  SYMBOLS  IN  METHODS  AND  FORMULATIONS  (CONT) 


Symbol 

Description 

Uhits 

VF 

Vertical  load  on  wheels 

lb 

VL 

Landing  speed,  either  VLjq  or  VLl 

ft/sec 

vll 

Landing  speed  at  landing  weight 

ft/sec 

VLro 

Landing  speed  at  takeoff  weight 

ft/sec 

VMX 

Maximun  vertical  load,  either  VMXMGjq, 

VMXMGl,  VMXNGtq,  or  VMXNGL 

lb 

vmxmgl 

Maximum  vertical  load  on  main  gear  at  landing 

weight 

lb 

VMXMGjq 

Maximun  vertical  load  on  main  gear  at  takeoff 

weight 

lb 

vmxngl 

Maximum  vertical  load  an  nose  gear  at  landing 

weight 

lb 

VMXNGjo 

Maximun  vertical  load  on  nose  gear  at  takeoff 

weight 

lb 

W 

Width  of  tires , either  or  WN 

in. 

Width  of  main  gear  tires 

in. 

Wn 

Width  of  nose  gear  tires 

in. 

WCB 

Weight  coefficient  for  bogie 

WCDS 

Weight  coefficient  for  drag  strut 

WCIC 

Weight  coefficient  for  inner  cylinder 

WCMG 

Weight  coefficient  for  main  gear 

WCNG 

Weight  coefficient  for  nose  gear 

wcoc 

Weight  coefficient  for  outer  cylinder 

wcss 

Weight  coefficient  for  side  strut 

WHEELm 

Weight  per  aircraft  of  main  gear  wheels 

lb 

WHEELjj 

Weight  per  aircraft  of  nose  gear  wheels 

lb 

WMI 

Input  miscellaneous  weight 

lb 

WS 

Number  of  wheels  per  strut , either  WS^  or  WSjj 

wsm 

Wheels  per  strut  on  main  gear 

wSn 

Wheels  per  strut  on  nose  gear 

WTAXL 

Total  weight  of  axles  for  either  main  or  nose 

gear 

lb 

IVTMISC 

Miscellaneous  weight  of  either  main  or  nose 

gear 

lb 

WTIC 

Weight  of  inner  cylinder 

lb 

wroc 

Weight  of  outer  cylinder 

lb 

wtoil 

Weight  of  oil  for  either  main  or  nose  gear 

lb 

wrrM 

Weight  per  wheel  of  main  gear  wheel,  tire, 

and  tube 

lb 
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TABLE  30.  LIST  OF  SYMBOLS  IN  METHODS  AND  FORMULATIONS  (CONCL) 


Symbol 

Description 

Units 

wrrN 

Weight  per  wheel  of  nose  gear  wheel,  tire, 

and  tube 

lb 

IVTTB 

Weight  wheels,  tires,  tubes,  and  brake  for 

either  main  or  nose  gear 

lb 

Yax 

Fore -aft  deflection  at  bottom  of  strut 

in. 

Vi 

Fore -aft  deflection  at  section  I 

in. 

ZAX 

Lateral  deflection  at  bottom  of  strut 

in. 

ZI 

Lateral  deflection  at  section  I 

in. 

OPTIONAL  INPUT  VARIABLES 


The  landing  speeds ; the  load  factor ; the  piston  diameters ; the  wheel , 
tire,  and  tube  weights;  the  brake  weight;  and  the  inertia  of  the  main  gear 
wheels,  tires,  tubes,  and  brakes  must  be  determined  if  these  variables  were 
not  given  in  the  input  data. 


LANDING  SPEED 

The  landing  speeds  are  calculated  from  the  aircraft  weights,  the  wing 
area,  and  the  coefficients  of  lift. 
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VL^  * landing  speed  at  takeoff  weight , ft/sec 
Vl^  ■ landing  speed  at  landing  weight,  ft/sec 
GRWTto  * takeoff  gross  weight,  lb 
GRKT^  * landing  gross  weight,  lb 
Sy  ■ wing  area,  ft2 

CLp0  - coefficient  of  lift  at  takeoff  weight 
CL^  * coefficient  of  lift  at  landing  weight 
DWT  « aborted  takeoff  delta  weight,  lb 


LOAD  FACTORS 

The  load  factors  are  calculated  from  the  strokes,  the  sink  speeds,  the 
wing  lift  coefficient,  and  the  tire  diameter. 


NSo- 


(1-FEA) 


Issi  I on 

hr*  P-°n)  MsmoKEr^Q.08^ 

0.8  stroke^  llw 


'ss: 

(l-FEA)  1— 


NG. 


p-ay)  (°-98  * °-08T ¥j) 


0.8  STROKE, 


CLw  <♦> 


NGtq  * load  factor  at  takeoff  weight 
NG^  * load  factor  at  landing  weight 
FEA  * fraction  of  energy  absorbed  by  strut 
SSTQ  * sink  speed  at  takeoff  weight,  ft/sec 
SS^  ■ sink  speed  at  landing  weight,  ft/sec 
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Cl^  * wing  lift  coefficient 

STROKE^  - effective  stroke  of  main  gear  at  takeoff  weight,  ft 

STROKE^  * effective  stroke  of  main  gear  at  landing  weight,  ft 

OE^  * outside  diameter  of  main  gear  tires,  in. 

2 

g * gravitational  constant  (32.172),  ft/sec 

PISTON  DIAMETERS 

The  main  gear  piston  diameter  is  a function  of  the  static  load. 


GROT. 


TO 


SW 


CGro  ' 


fsm  - fsn 


STRUT, 


M 


(5) 


SW  ■ static  load  on  each  main  gear  strut,  lb 

CG^q  = CG  of  aircraft  at  take-off,  in. 

FS^  = fuselage  station  of  nose  gear,  in. 

FS^  - fuselage  station  of  main  gear,  in. 

STRUT  * nunber  of  main  gear  struts 
M 

If  SW  is  greater  than  77,295,  the  piston  diameter  is  calculated  by 
equation  6. 


DP^  a diameter  of  main  gear  piston,  in. 

PI  * ratio  of  circunference  of  circle  to  diameter  of  circle 
(3.1416) 
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If  SW  is  less  than  77,295,  the  scratch  variables  ACM,  BCM,  AA,  BB,  and 
RADPD  are  determined,  and  the  piston  diameter  is  then  calculated  by  equation  7. 


ACM  - 187.5 
BCM  = 380.0 


SW<  5,542 


ACM  - 126.7) 
BCM  - 545. 0( 


5,542  < SW<  33,819 


ACM  - 95.6 
BCM  - 720.0 


33,819  < SW  < 77,295 


,0.333 


1 0.333 


RADPD 


- RADPD) 


BCM 
3 ACM 


Ihe  nose  gear  piston  diameter  is  a function  of  the  main  gear  piston 
diameter. 

DPN  - 0.6  DPm  (8) 

DP^  * diameter  of  nose  gear  piston,  in. 


504 


WHEEL,  TIRE,  AND  TUBE  WEIfflTS 

The  wheel,  tire,  and  tube  weights  are  calculated  from  the  width  and 
diameter  of  the  wheels . 


0.425  0E^  WM  + 0.00023 


0.4  0E^  WN  + 0.0000024 


(9) 


(10) 


WTT, 


M 


WTT. 


0D, 


N 


W. 


M 


W. 


N 


weight  per  wheel  of  main  gear  wheel,  tire, 
weight  per  wheel  of  nose  gear  wheel,  tire, 
outside  diameter  of  nose  gear  tires,  in. 
width  of  main  gear  tires,  in. 
width  of  nose  gear  tires,  in. 


and  tube,  lb 
and  tube,  lb 


45  percent  of  the  wheel,  tire,  and  tube  weight  is  in  the  wheels;  there- 
fore, the  total  wheel,  tire,  and  tube  weights  can  be  computed  by  equations  11 
through  14. 


WHEEL^  = 0.45  WSy,  WITM  2 

(11) 

rrm  = 1.222  WHEEL^ 

(12) 

WHEEL,,  = 0.45  WS^  WTT^ 

(13) 

TTN  = 1.222  WHEEI^ 

(14) 
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WHEEL^  ■ weight  per  aircraft  of  main  gear  wheels , lb 

WHEEL^j  ■ weight  per  aircraft  of  nose  gear  wheels , lb 

TTm  ■ weight  per  aircraft  of  main  gear  tubes  and  tire,  lb 

TTn  - weight  per  aircraft  of  nose  gear  tubes  and  tires , lb 

WS^j  - wheels  per  strut  on  main  gear 
WS^  ■ wheels  per  strut  on  nose  gear 


BRAKE  WEIGHT 

The  brake  weight  is  calculated  from  the  takeoff  weight  and  the  landing 
speed.  All  the  brake  weight  is  in  the  main  landing  gear. 

BRAKES  - 0.010783  GRWT^  VL2Q  0.00000408  (15) 

BRAKES  ■ weight  of  brakes  per  aircraft,  lb 

ROTATING  INERTIA  OF  WHEEL  ASSEMBLY 

Polar  moment  of  inertia  for  nain  gear  wheels , tires , tubes , and  brakes 
is  calculated  from  the  wheel,  tire,  tube,  and  brake  weights  and  the  tire 
dimensions . 


/ Oil.  f /0EL  - 1.818  WA2  / \ 

TOff j + [-  12  (i.sT1)  l0*65  BRAKES  - ^ 


STRirrM  g 


(16) 


IW^j  » inertia,  per  strut,  of  main  gear  wheels,  tires,  tubes,  and 
brakes,  slug- ft2 


506 


rf***-*  wwwhn"  » %rc».-» 


AXIAL  AND  NORMAL  STRUT  LOADS 

The  axial  and  normal  loads  an  the  strut  at  each  load  condition  are 
determined  by  first  finding  the  ground  reactions  on  the  wheels . The  resuit- 
tant  of  these  loads  is  then  computed  by  equation  17. 


RLOAD  « (VF2  + DF2  + SF2)  (17) 

RLOAD  ■ resultant  load  of  the  drag,  side,  and  vertical  loads  on 
the  wheels , lb 

VF  * vertical  load  on  the  wheels , lb 
DF  - drag  (fore -aft)  load  on  the  wheels,  lb 
SF  * side  (lateral)  load  on  the  wheels,  lb 
Hie  direction  cosines  of  the  resultant  load  are  then  computed. 


CRV  - 

VF 

RLOAD 

CRFA  = 

DF 

RLOAD 

CRL  = 

SF 

RLOAD 

CRV  - 

cosine  of  the  angle  between 
vertical 

CRFA  = 

cosine  of  the  angle  between 
fore -aft  direction 

(18) 

(19) 

(20) 

the  resultant  load  and  the 
the  resultant  load  and  the 


CRL 


cosine  of  the  angle  between  the  resultant  load  and  the 
lateral  direction 


The  direction  cosines  of  the  main  gear  strut  are  functions  of  the 
fore- aft  and  lateral  angles  in  the  input  data. 


0.5 


CSV  ■ cos 


tan 


CSFA  = cos 


tan 


-1 


CSL  * cos 


tan 


-1 


[ (cos  [Al])  2 (c 

»s[A|)  2 

r i _ t 

1 

(»in[Afl)  2 

(cos  [A2])  2 

f 2 

1 

0.5 


- 2 


1 0 . 5 1 


cos 


(21) 


(22) 


(23) 


CSV  * cosine  of  the  angle  between  the  strut  and  the  vertical 

CSFA  * cosine  of  the  angle  between  the  strut  and  the  fore-aft 
direction 

CSL  * cosine  of  the  angle  between  the  strut  and  the  lateral 
direction 

A1  ■ fore-aft  angle  of  strut,  radians 

A2  * lateral  angle  of  strut,  radians 

The  -lateral  angle  (A2)  of  the  nose  gear  strut  is  always  0;  therefore, 
equations  21  through  23  reduce  to  24  through  26  for  the  nose  gear. 


CSV  ■ cos 

[Al] 

(24) 

CSFA  - sin 

[Al] 

(25) 

CSL  * 0 

(26) 
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The  direction  cosines  of  the  resultant  force  and  the  direction  cosines 
of  the  strut  can  then  be  combined  to  compute  the  angle  between  the  resultant 
load  and  the  strut. 


ANG  - cos"1  [CSV  CKV  + CSFA  CRFA  + CSL  CRlJ  (27) 

ANG  * angle  between  the  resultant  load  and  the  strut,  radians 
The  axial  and  normal  loads  cn  the  strut  are  then  computed. 


ALOAD  « RLOAD  cos  [ANG] 

(28) 

PLOAD  « RLOAD  sin[ANG] 

(29) 

ALOAD  « axial  load  on  the  strut,  lb 

PLOAD  « normal  load  on  the  strut,  lb 

LANDING  AND  GROUND  LOADS 

The  ground  reactions  on  the  wheels  (VF,  DF,  and  SF)  for  each  load  condi- 
tion are  determined  in  accordance  with  the  procedure  outline  in  MIL-A-008862A.  ^ 
After  the  loads  have  been  determined,  the  program  then,  except  for  the  spring - 
back  condition,  uses  the  method  described  in  equations  17  through  29  to  find 
the  axial  and  normal  loads  on  the  strut. 


TWO -POINT  LANDING 

The  vertical  load  on  the  wheels  at  the  two-point  landing  condition  is 
the  maximum  vertical  load. 

The  maximun  vertical  loads  on  the  main  gear  are  computed  by  equations 
30  and  31. 


VMXMG^q 


1.5  (NG^  - CLyy)  (GROTto  - DWT) 
2 


(30) 


V ‘mtKI 
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VMXMGl 


1.5  (NGj^  - d^)  GRWl 
2 


(31) 


VMXMG^  ■ maximum  vertical  load  on  main  gear  at  takeoff  weight, 

VMXMG.  - maximum  vertical  load  on  main  gear  at  landing  weight, 
L lb 


The  maximum  vertical  loads  on  the  nose  gear  are  determined  from  the  maxi- 
mum vertical  loads  an  the  main  gear. 


VMXNG^q  - 2 


VMXNGl  - 2 VMXMGl  (At-) 


VMXNCL-  - maximum  vertical  load  on  nose  gear  at  takeoff  weight, 
u lb 

VMXNG.  * maximun  vertical  load  on  nose  gear  at  landing  weight, 

L lb 

Aj.q  * distance  from  CG  at  takeoff  to  main  gear,  in. 

A ^ * distance  from  CG  at  landing  to  main  gear,  in. 

DIST  * distance  from  main  gear  to  nose  gear,  in. 

The  two-point  landing  loads  are  determined  for  both  the  main  and  nose 
gears  at  both  the  takeoff  and  landing  weights.  Therefore,  the  routine  in 
equations  17  through  29  is  executed  four  times.  In  each  case,  the  drag  load 
is  one -quarter  of  the  vertical  load  and  the  side  load  is  0. 

VF  - VMXMG^,  VMXMGl,  VMXNG^,  and  VMXNGL 

DF  « 0.25  VF 

SF  - 0 


(32) 

(33) 
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SPINUP 


Before  computing  the  spinup  loads,  the  inertia  of  the  nose  gear  wheels, 
tires,  and  tubes  must  be  detexmined.  (The  inertia  of  the  main  gear  wheels, 
tires,  tubes,  and  brakes  has  already  been  determined.) 


/ % )*  ./0Dn- 

V 12  2.52 / UN  \ 12  2.5 


(27) 


IW^  * inertia  of  nose  gear  wheels,  tires,  and  ttbes,  slug-ft^ 


The  spinup  loads  are  determined  for  both  the  main  and  nose  gears  at  both 
the  takeoff  and  landing  weights;  therefore,  equations  28  through  35  are  exe- 
cuted four  times,  each  time  followed  by  the  routine  in  equations  17  through  29. 


TV,  the  time  to  develop  the  spinup  vertical  reaction,  is  computed  by 
equation  28. 


ss  - (ss2  - 1 


TV 


.5  (NG  - CLj  29.8  | 
1.5  (NG  - CLJ  14.9 


STREFF 


+ 0.08  0D 


r 


(28) 


TV  ■ time  to  develop  the  vertical  reaction,  sec 

SS  ■ sink  speed,  either  SS^Q  or  SS^,  ft/sec 

NG  * load  factor,  either  NG^  or  NG^ 

STREFF  * effective  stroke  of  main  or  nose  gear  at  takeoff  or 
landing  weight,  ft 

0D  * outside  diameter  of  tires,  either  0E^  or  OD^,  ft 

TSU,  the  time  for  the  wheel  circunferential  velocity  to  reach  ground 
velocity,  is  computed  by  equation  29. 


TSU  = — ♦ 0.363  TV 

0.55  VMX  (0.432  0D) 


(29) 
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TSU  ■ time  for  wheel  circunferential  velocity  to  reach  ground 
velocity,  sec 

VL  ■ landing  speed,  either  VL^  or  VL^,  ft/sec 

IW  - inertia  of  the  wheels,  tires,  tubes,  and  brakes,  either 
IWM  or  IWN,  slug-ft2 

VMX  - maximun  vertical  load,  either  VMXMCLn,  VMXMG. , or 
VMXNGl,  lb 

If  TSU  is  greater  than  TV,  TSU  is  recomputed  by  equation  30. 


TSU  - 


VL  IW  PI 

1.1  (0.4320D)2  VMX  TV 


(30) 


FVSU,  the  vertical  load  at  time  TSU,  is  computed  by  either  equation  31 
or  32. 


FVSU  - VMX  sin 


PI  TSU 
2 TV 

• m 


when  TV  > TSU 


(31) 


FVSU  - VMX 


when  TSU  > TV 


(32) 


FVSU  - the  vertical  spinup  load  at  time  TSU  on  either  the  main 
or  nose  gear  at  either  the  takeoff  or  landing  weight , lb 


The  vertical,  drag,  and  side  loads  are  then  determined  by  equations  33 
through  35. 


VF  - 

FVSU 

(33) 

DF  « 

0.55  FVSU 

(34) 

SF  ■ 

0 

(35) 
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SPRINGBACK 


W' 


The  springback  loads  are  determined  for  both  the  main  and  nose  gears  at 
both  the  takeoff  and  landing  weights. 

The  springback  loads  are  computed  from  the  maximun  vertical  loads , the 
previously  computed  spinup  loads,  and  the  fore-aft  angle  of  the  strut,  with- 
out going  through  the  routine  in  equations  17  through  29. 


ALsb  = VMX  CSV  (36) 

NLsfi  - AMAX1  [o.893  NL^,  0.893  NL^  ♦ 0.9  FVSU  sin[Al]] 

♦ VMX  sin  [Al]  (37) 


ALSB  ■ axial  load  on  either  the  main  or  nose  gear  strut  at 
either  the  takeoff  or  landing  weight  for  the  spring- 
back  condition,  lb 

NLsb  ■ normal  load  on  either  the  main  or  nose  gear  strut  at 
either  the  takeoff  or  landing  weight  for  the  spring- 
back  condition,  lb 


NL^  * normal  load  on  either  the  main  or  nose  gear  strut  at 
either  the  takeoff  or  landing  weight  for  the  spinup 
condition,  lb 


BRAKED  ROLL 

The  braked  roll  loads  are  determined  at  both  the  takeoff  and  landing 
weights  for  the  main  gear  only. 


1.5  GRW  BRC 
VF  ■ 


(38) 
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DF  - 0.8  VF 


(39) 


SF  - 0 (40) 

GROT  ■ gross  weight,  either  GROT,^  or  GROT^,  lb 
BRC  » braked  roll  constant  (1.0  at  takeoff,  1.2  at  landing) 


DRIFT  LANDING 

The  drift  landing  loads  are  detemined  at  both  takeoff  and  landing  weights 
for  the  main  gear  only. 


VF  - 0.5  VMX 

(41) 

DF  - 0 

(42) 

SF  « 0.8  VF 

(43) 

UNSYNMETRICAL  BRAKING 

The  unsymmetrical  braking  loads  are  determined  for  both  the  main  and  nose 
gears  at  both  the  takeoff  and  landing  weights. 

Before  computing  the  unsymmetrical  braking  loads,  BT.  and  B.  must  be 
defined. 


Btq  * distance  from  CG  at  takeoff  to  nose  gear,  in. 

Bl  « distance  from  CG  at  landing  to  nose  gear,  in. 

The  main  gear  loads  at  takeoff  and  landing  are  computed  by  equation  44 

through  46. 


VF 


1.5  GROT  B 
0.4  CGG  + 2 DIST 


(44) 


514 
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DF  - 0.8  VF 


SF  - 0 


(45) 

(46) 


B ■ distance  from  CG  to  nose  gear,  either  or  B^,  in. 

CGG  ■ distance  from  CG  to  ground,  in. 

The  nose  gear  loads  at  takeoff  and  landing  are  computed  by  equations  47 
through  49. 


VP -S^SS-I  l.SWT 


DIST  DIST2 


■) 


DF  - AMIN1 


fo.8  VF,  1 

L 4 DIST  J 


(47) 


(48) 


SF  - 0 


(49) 


A ■ distance  from  CG  to  main  gear,  either  ApQ  or  \»  in* 
EMGS  ■ distance  between  main  gear  struts,  in. 

AMIN1  - absolute  minimum  of  the  two  arguments 


TOWING 


The  towing  loads  are  determined  for  both  the  main  and  nose  gears  at  the 
takeoff  weight  only. 

FTOW,  the  tow  load,  must  first  be  computed  as  a function  of  the  takeoff 
weight. 


FTOW  * 0.3  GROTto  (when  GRWTTQ  < 30,000) 


TO 


(50 
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6 GROT 

FTOW  - — 7Q— — ♦ 6,429 

(when  30,000  GROTTQ  < 100,000) 

(51) 

FTOW  - 0.15  GROTtq 

(when  GROTtq  > 100, OOO) 

(52) 

FTOW  « tow  load,  lb 

main  gear  towing  loads  are  then  computed  by  equations  53  through  55. 

w . 1'5  ^TO  BT0 
2 DIST 

(53) 

DF  - 1.5  FTOW  0.75 

(54) 

SF  - 0 

(55) 

The  nose  gear  towing  loads  are  computed  by  equation  56  through  58. 


VF  » 


\0  *-5  <™tq 
DIST 


(56) 


DF  - 1.5  FTOW  (57) 

SF  « 0 (58) 


TURNING 

The  turning  loads  are  determined  for  both  the  main  and  nose  gear  at  the 
takeoff  weight  only. 
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Hie  main  gear  turning  loads  are  confuted  by  equations  59  through  61. 

(59) 

(60) 

(61) 

The  nose  gear  turning  loads  are  computed  by  equations  62  through  64. 


VF  - 1.5  GRWL 


£ 


5 B, 


TO 


TO  I DIST 


♦ AMIN1 


r°-s  bto 

L DIST1 


DF 


0.5  CGG 
EMGS 


SF  = VF  AMIN1 


r °* 

N1  0.5,  — 


5 Btq  EMGS 


DIST  CGG 


VF 


^0  ™ ^TO 
DIST 


(62) 


DF  = 0 


(63) 


SF 


VF  AM  INI 


0.5  BpQ  DMGS 
• DIST  CGG 


(64) 


STRUT  DESIGN  LOADS 

The  inner  and  outer  cylinder  weights  are  determined  by  computing  the  area 
at  the  four  sections  shown  in  Figure  37.  The  area  at  each  section  is  computed 
for  each  load  condition  at  which  loads  have  been  computed  (or  input) , with  the 
maximum  area  being  saved  for  the  final  weight  calculation. 

The  analysis  of  the  inner  and  outer  cylinders  is  identical  for  the  main 
and  nose  gears  (except  that  the  drift  landing  condition  does  not  apply  to  the 
nose  gear);  therefore,  only  the  main  gear  calculations  are  described. 

The  deflections  at  the  bottom  of  the  strut  must  be  determined  before  the 
moments  at  a section  can  be  computed.  The  deflections  are  assumed  to  be  pro- 
portional to  the  square  of  the  distance  from  the  trunion;  therefore,  if  the 
deflections  at  section  2 are  known,  the  deflections  at  the  bottom  of  the  strut 
(the  axle)  can  be  computed  by  equations  65  through  68. 
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m,  . I 10™°  \2 

\ TOTLNG  - LNGTH2 J 

YAX  ■ Y2  M2 

ZAX  ■ Z2  182 

PHI.V  - PHI,  KB2 
AX  Z 


(65) 

(66) 

(67) 

(68) 


RB2  ■ ratio  of  deflection  at  bottom  of  strut  to  deflection 
Y^  ■ fore-aft  deflection  at  bottom  of  strut,  in. 

Z^  ■ lateral  deflection  at  bottom  of  strut,  in. 

PHI^  * angular  deflection  at  bottom  of  strut,  radians 
Y2  * fore-aft  deflection  at  section  2,  in. 

Z2  = lateral  deflection  at  section  2,  in. 

PHI2  * angular  deflection  at  section  2,  radians 

TOTLNG  * length  of  strut,  axle  to  trunion,  in. 

LNGTH2  * length  from  axle  to  section  2,  in. 

When  the  deflections  at  the  bottom  of  the  strut  are  known,  the  fore-aft 
bending  moment  at  section  I (I  - 1,  2,  3,  or  4)  can  be  computed  by  equation  69 
(for  each  load  condition  except  drift  landing).  Equation  69  is  illustrated 
in  Figure  41. 

BMYj  - /y^  + I ECC  sin  [pHI^]  I -Yjj  AL  + LNGTT^  NL  (69) 
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EMY.  ■ fore-aft  bending  moment  at  section  I (I  - 1,  2,  3 or  4), 

1 in. -lb 

ECC  « eccentricity  of  wheels,  in. 

Yj  - fore-aft  deflection  at  section  I,  in. 

LNGTHj  - length  from  axle  to  section  I,  in. 

AL  - axial  load  on  strut  at  this  load  condition,  lb 

NL  » normal  load  on  strut  at  this  load  condition,  lb 

Ihe  deflections  are  initialized  at  0.  When  the  deflections  are  0,  equa- 
tion 69  reduces  to  70. 

EMYj  - LNGTHj  NL  (70) 


Ihe  lateral  bending  moment  at  section  I is  computed  by  equation  71  (for 
each  load  condition  except  drift  landing) . Equation  71  is  illustrated  in 
Figure  42. 


BMZj 


(71) 


BMZj  ■ lateral  bending  moment  at  section  I,  in. -lb 
Zj  ■ lateral  deflection  at  section  I,  in. 

If  the  deflection  are  all  0,  equation  71  reduces  to  equation  72. 


BMZj 


AL 


(72) 


The  torsional  bending  moment  is  determined  by  using  the  normal  load  in 
place  of  the  axial  load  in  equation  71 ; therefore , it  can  be  computed  by 
equation  73. 
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Figure  42.  Geometry  representation  for  lateral  bending  moment  derivation. 
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™I  ■ MI  fr] 


(73) 


TPHIj  * torsional  bending  moment  at  section  I,  in. -lb 

For  the  drift  landing  condition,  BMYj  and  TPHIj  are  0.  Hie  normal  load 
acts  at  the  ground  instead  of  at  the  bottom  of  the  strut;  therefore,  the  dis- 
tance from  the  section  to  the  ground  must  first  be  found.  The  tire  deflection 
is  assumed  to  be  8 percent  of  the  outside  diameter.  Equation  74  is  used  to 
calculate  the  distance. 


DLLNGj  = LNGTHj  + - 0.08  0E^  (74) 


DLLNGj  ■ length  from  ground  to  section  I,  in. 

The  normal  load  computed  for  the  drift  landing  condition  is  0.8  times  the 
axial  load.  This  normal  load  acts  inboard,  as  shown  in  Figure  43.  A normal 
load  equal  to  0.6  times  the  axial  load  (and  therefore  equal  to  0.75  times  the 
computed  normal  load)  acts  outboard  on  the  opposite  strut. 


Section  I 


Figure  43. 


Drift  landing  normal  loads. 
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If  the  eccentricity  is  negative  (outboard) , as  shown  in  Figure  43.  The 
moment  at  a section  will  be  greater  from  the  smaller  normal  load  acting  out- 
board than  from  the  larger  normal  load  acting  inboard  if  the  eccentricity  is 
greater  than  10  percent  of  the  length  from  the  ground  to  the  section. 


(0.6  AL)  (DLLNGj)  + (AL)  (ECC)  > (0.8  AL)  (DLLNGj)  - (ECC)  (AL)  (75) 


if 


ECC  > 


DLLNGj 

10 


In  this  case,  equation  75  is  used  to  compute  the  lateral  bending  moment, 
using  a normal  load  equal  to  0.75  times  the  computed  normal  load.  Equation  75 
is  illustrated  in  Figure  44. 


BMZj 


(Z 


AX 


ECC  - 


Zj)  AL  + DLLNGj  0.75  NL 


(76) 


If  the  deflections  are  all  0,  equation  76  reduces  to  equation  77. 


BMZj 


ECC 


AL  + DLLNGj  0.75  NL 


(77) 


When  the  eccentricity  is  negative  but  less  than  one-tenth  of  the  distance 
to  the  ground,  the  lateral  bending  moment  for  drift  landing  in  computed  by 
equation  78.  Equation  78  is  illustrated  in  Figure  45. 


BMZi  = (Z^  - 


ECC  AL  + DLLNGj  NL 


(78) 


If  the  deflections  are  all  0,  equation  78  reduces  to  equation  79. 


BMX 


-ECC  AL  + DLLNGj  NL 


(79) 
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When  the  eccentricity  is  positive  (inboard) , the  lateral  bending  moment 
from  the  computed  normal  load  acting  inboard  is  always  the  larger  moment.  This 
bending  moment  is  computed  by  equation  80.  Equation  80  is  illustrated  in 
Figure  46. 


BMZj  - ♦ ECC  - Zj ) AL  ♦ DLLNGj  NL  (80) 

If  the  deflections  are  all  0,  equation  80  reduces  to  equation  81. 


BMZj  - ECC  AL  + DLLNGj  NL 


(81) 


The  resultant  of  the  fore-aft  and  lateral  bending  moments  is  computed  by 
equation  82. 


BMRj  = (BMYj2  ♦ BMZj2| 


0.5 


(82) 


BMRj  * resultant  of  fore -aft  and  lateral  bending  moments  at 
section  I 


STRUT  SYNTHESIS 

The  area  of  the  cylinder  at  each  section  is  determined  by  finding  'the 
value  of  the  cylinder  diameter  to  wall  thickness  ratio  for  which  the  area 
required  for  strength  is  equal  to  the  geometric  area. 

The  search  starts  by  assuming  three  values  of  diameter-to-wall-thickness 
ratio,  and  then  computing  the  outside  diameter  of  the  cylinder  for  each  of  the 
assumed  ratios.  The  outside  diameter  of  the  inner  cylinder  at  section  4 is 
the  piston  diameter,  DPM.  The  outside  diameter  of  the  outer  cylinder  at 
sections  1,2,  and  3 is  conputed  by  equation  83.  The  0.625  added  to  the  piston 
diameter  is  the  assumed  average  packing  ring  dimension. 


DIAj 


DOT  (DPW  ♦ 0.625) 

M 

DOT  - 2 


(83) 


526 


DIAj  * outside  diameter  of  cylinder  at  section  I for  assumed 
value  of  diameter  to  wall  thickness  ratio,  in. 

DOT  * diameter  to  wall  thickness  ratio 

Before  the  area  can  be  confuted,  the  bending  modulus  of  rupture  and  the 
torsion  modulus  of  rupture  must  be  deteimined  as  functions  of  the  diameter- 
to-wall-thickness  ratio  and  the  ultimate  tensile  strength  of  the  material. 

BMRU  » |(o. 000390625  T - 0.3125)  T + 14.2187s)  DOT  - 

- 0.0546875  T2  - 903. 125^  DOT  - (3.2421875  T - 2903.125)  T 

- 142890.625  (84) 

TMOR  » |(0. 00109375  T - 0.396875)  T + 47.5^  DOT  + (0.05  T - 27.25) T 

♦ 1725. oj  DOT  + 143.4875  T + 38702.5  (85) 

BMRU  « bending  modulus  of  rupture,  lb/ in. 2 

TMOR  « torsion  modulus  of  rupture,  lb/in.2 

T = ultimate  tensile  strength  divided  by  1,000,  lb/in.2  X 10'3 

Figures  47  and  48  show  the  results  of  equation  84  and  85  for  values  of 
ultimate  tensile  strength  from  180  to  260K,  and  for  values  of  diameter-to- 
wall- thickness  ratio  from  10.0  to  50.0. 

The  area  required  for  strength  can  then  be  computed  by  equation  86. 
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BENDING  MODULUS  OF  RUPTURE 


BENDING  MODULUS  OF  RUPTURE  VS  DIAMETER/THICKNESS  RATIO 
FOR  VALUES  OF  ULTIMATE  TENSILE  STRENGTH  FROM  I80K  TO  260K 


K0000. 


Figure  47.  Bending  modulus  of  rupture. 
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BENDING  MODULUS  OF  RUPTURE 


BENDING  MODULUS  OF  RUPTURE  VS  DIAMETER/THICKNESS  RATIO 
FOR  VALUES  OF  ULTIMATE  TENSILE  STRENGTH  FROM  |80K  TO  260K 


Figure  48.  Torsion  modulus  of  rupture. 
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AS  ■ area  required  for  strength  for  assumed  value  of  DOT,  in. 

FCY  * compression  yield  stress,  lb/in. 2 

The  geometric  area  for  the  assumed  value  of  diameter  to  wall  thickness  is 
computed  by  equation  87. 


AG  - PI  DIA 


2 

I 


(87) 


AG  * geometric  area  for  assumed  value  of  DOT,  in.2 

The  ratio  of  the  area  required  for  strength  to  the  geometric  area  is  then 
determined  for  each  of  the  three  assumed  values  of  diameter-to-wall-thickness 
ratio. 


R « 


AS 

AG 


(88) 


R » ratio  of  area  required  for  strength  to  geometric  area 

The  program  interpolates  in  the  three  assumed  values  of  DOT  to  find  the 
value  for  which  R * 1.  Three  new  values  of  DOT  are  then  assumed  (the  inter- 
polated value,  and  one  on  either  side),  and  a second  pass  is  made  through 
equations  83  to  88.  The  program  interpolates  for  the  final  value  of  the 
diameter-to-wall-thickness  ratio,  and  then  calculates  the  final  diameter  and 
area. 


DIAM 


DOVT  (DP..  + 0.625) 

M 

DOVT -2 


AREAC 


PI  DIAM2  LMLiL) 

\D0VT  / 


(89) 

(90) 


J 

| 

] 

J 


A 
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DIAM  - final  outside  diameter  of  cylinder  for  this  load 
condition,  in. 

AREAC  * final  area  of  cylinder  section  for  this  load  condition, 
in.2 

DOVT  * final  interpolated  value  of  DOT  for  which  R ■ 1 

AREAC  is  saved  if  it  is  greater  than  any  area  previously  computed  at 
that  section  for  another  load  condition. 

At  section  2,  the  diameter,  DIAM,  and  the  three  moments  are  also  saved, 
for  use  in  the  deflection  analysis. 


DEFLECTION  ANALYSIS 

As  noted  earlier,  the  deflections  are  initialized  at  0.  The  first  pass 
through  the  calculations  of  the  area  of  the  four  cylinder  sections  (equations 
65  through  90)  is  made  with  deflections  equal  to  0;  therefore,  equations  69, 
71,  76,  78,  and  80  reduce  to  equations  70,  72,  77,  79,  and  81. 

If  the  input  data  indicate  that  the  deflection  analysis  is  to  be  omitted, 
the  program  goes  on  to  compute  the  inner  and  outer  cylinder  weights  after  the 
first  pass  through  the  area  calculations. 

If  the  deflections  are  to  be  included,  the  deflections  at  section  2 are 
computed,  and  the  deflections  at  the  other  sections  are  then  deteimined  by 
assuming  that  the  deflections  are  proportional  to  the  square  of  the  distance 
from  the  trunnion. 

The  moment  of  inertia  at  section  2 must  be  determined  before  the  deflec- 
tions can  be  calculated. 


PI  DIADZ4  ( 

1 1 \ fi 

/ 2 \ 

(l  1 \\ 

* ' D0VRT2/  y1 

' \D0VRT2/ 

D0VRT2// 

8 D0VRT2 


(91) 


12  •»  moment  of  inertia  at  section  2,  in.4 
DIADZ  * diameter  of  outer  cylinder  at  section  2,  in. 
D0VRT2  - diameter- to-wall -thickness  ratio  at  section  2 
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The  deflections  at  section  2 can  now  be  calculated  by  equations  92 
through  94. 


BMYDZ  (TOTLNG  - LNGTH^) 


2 E 12 


(92) 


BMZDZ  (TOTLNG  - LNGT^j ' 
Z2  = 2 E 12 


(93) 


TPHIDZ  (TOTLNG  - LNGTO  ) 


PHI  = 

2 2 G 12 


(94) 


BMYDZ  = fore-aft  bending  moment  from  load  condition  which  pro- 
duced maximum  area  at  section  2,  in. -lb 

BMZDZ  * lateral  bending  moment  from  load  condition  which  pro- 
duced maximum  area  at  section  2,  in. -lb 

TPHIDZ  = torsion  moment  from  load  condition  which  produced  the 
maximum  area  at  section  2,  in. -lb 

E = modulus  of  elasticity,  lb/in.2 

G = modulus  of  rigidity,  lb/in.2 

The  deflections  at  sections  3 and  4 are  then  calculated  by  equations  95 
through  98. 

TOTLNG  - LN’GTHj 
TOTLNG  - LNGTH2 


Yj  = Yz  RI2  (96) 
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(97) 


h " Z2  RI2 


PH^j  = PHI2  RI2  (98) 


RI2  * ratio  of  deflection  at  section  2 
PHIj  * angular  deflection  at  section  I,  radians 

The  program  then  returns  to  recalculate  the  areas  at  the  four  sections, 
starting  with  equation  65.  This  loop  continues  for  six  passes,  or  until  the 
area  at  section  2 is  closer  to  the  area  from  the  previous  pass  than  a given 
tolerance. 


INNER  AND  OUTER  CYLINDER  WEIGHT 

The  weight  of  the  outer  cylinder  is  determined  from  the  areas  of  sec- 
tions 1,  2,  and  3. 


WTOC 


AREA1 


2 AREA^  + AREAj 
4 


STRUTS  RHO  WCOC 


(99) 


WTOC  = weight  of  outer  cylinder,  lb 

AREAj  * maximum  of  areas  computed  at  section  I for  each  load 
condition,  in. 2 

STRUTS  = number  of  struts , main  or  nose  gear  (always  for  nose 
gear)  . 

RHO  ■ density  of  material,  lb/in.3 
WCOC  » weight  coefficient  for  outer  cylinder 


534 


V 

f 


The  inner  cylinder  extends  from  the  axle  to  section  2,  the  midpoint  of 
the  outer  cylinder,  as  shown  in  Figure  37.  The  diameter  of  the  inner  cylinder 
is  Dfy,  the  piston  diameter.  The  part  of  the  inner  cylinder  from  the  axle 
to  section  3 has  the  area  computed  at  section  4,  and  the  part  from  section  3 
to  section  2 has  an  area  based  on  an  assumed  diameter- to-wall -thickness  ratio. 


OTIC 


|P1  DV 


(D0T32-1)  (LNCTH2-LNGTH3) 


D0T32 


2 


+ AREA,  LNGTH, 
4 3, 


) 


STRUTS  RHO  WCIC 


(100) 


OTIC  * weight  of  inner  cylinder,  lb 

D0T32  « asstmed  diameter-to-thickness  ratio  of  inner  cylinder 
between  sections  2 and  3 

WCIC  * weight  coefficient  for  inner  cylinder 


AXLE  WEICKT 

There  is  one  axle  for  each  wheel  on  both  the  main  gear  and  nose  gear. 
The  length  of  the  axle  is  computed  by  equation  101.  (See  Figure  38.) 


AXLGTH  - W *2~ 


(101) 


AXLGTH  * length  of  axle,  in. 

W * width  of  tires,  either  or  W^,  in. 

DP  * piston  diameter,  either  DP^  or  DP^,  in. 

The  total  load  on  the  axles  is  computed  by  equation  102  for  the  main 
gear,  and  103  for  the  nose  gear. 

AXL0AD  = GROT...  (102) 
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AXLOAD 


(103) 


GRWT, 


TO 


- sw  strlttm 


AXLOAD  * total  load  on  axles  for  either  main  or  nose  gear,  lb 

The  bending  moment  at  the  side  of  the  piston  and  the  torsion  moment  are 
computed  by  equations  104  and  105.  These  equations  assune  that  one  tire  is 
flat  when  there  are  two  wheels  on  a main  or  nose  gear  strut,  and  that  two 
tires  on  a strut  are  flat  when  there  are  four  wheels  on  the  main  gear  struts. 


(104) 


(105) 


WS  - number  of  wheels  per  strut,  either  WS^  or  WSN 
AMAX1  » absolute  maximum  of  the  two  arguments 

Although  the  axle  is  a solid  cylinder,  the  bending  modulus  of  rupture 
and  torsion  modulus  of  rupture  are  computed  by  equations  84  and  85,  using  a 
value  of  diameter- to-wall- thickness  ratio  equal  to  10.  The  diameter  of  the 
axle  at  the  side  of  the  piston  can  now  be  computed. 


4 " (swe) 

BMAX  ■ bending  moment  on  each  axle,  in. -lb 
IMAX  » torsion  moment  on  each  axle,  in. -lb 


DIAAX  * 


(106) 


DIAAX  - diameter  of  axle  at  side  of  piston,  in. 


The  total  weight  of  all 
then  be  computed  by  equation 


the  axles  on  either  the  main  or  nose  gear  can 
107. 
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(107) 


WTAXL 


« (a*)2 


AXLGTH  WS  STRUTS  RHO 


WTAXL  - total  weight  of  axles  for  either  main  or  nose  gear 


BOGIE  WEIGHT 

The  weight  of  the  bogie  is  calculated  only  when  there  are  four  wheels 
per  strut  on  the  main  gear.  The  length  of  the  bogie  is  computed  by  equation 
108.  (See  Figure  39.) 


BOGL  = 1.1  0^  + DPm 


(108) 


BOGL  - length  of  bogie,  in. 

Each  half  of  the  bogie  is  a separate  structural  element,  supporting  the 
loads  on  two  axles.  Each  tire  will  normally  carry  one-eighth  of  the  total 
aircraft  weight,  but  when  both  tires  on  one  axle  are  flat,  the  two  remaining 
tires  on  that  strut  will  each  carry  one-fourth  of  the  total  weight.  Assuming 
a side  load  of  0.8  times  the  vertical  load,  equations  109  and  110  will  com- 
pute the  bending  moment  and  torsion  moment  at  the  midpoint  of  the  bogie. 


(109) 


(110) 
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BMB  ■ bending  moment  at  midpoint  of  bogie,  in. -lb 


1MB  » torsion  moment  at  midpoint  of  bogie,  in. -lb 


Hie  bending  modulus  of  rupture  and  the  torsion  modulus  of  rupture  are 
computed  by  equations  84  and  85,  using  an  assumed  value  of  diameter- to-wall- 
thickness  ratio.  The  diameter  of  the  bogie  can  then  be  calculated  by 
equation  111. 


(Ill) 


BD  ■ diameter  of  bogie,  in. 

DOTB  * assumed  value  of  diameter- to-wall -thickness  ratio  for  bogie 
The  weight  of  the  bogie  can  then  be  computed  by  equation  112. 


BW  » PI  BD2  ( D0TB.;1  \ BOGL  STRUT,,  RHO  WCB  (112) 

\dotb2  / M 

BWT  = weight  of  bogie , lb 

WCB  = weight  coefficient  for  bogie 


SIDE  STRUT  AMD  DRAG  STRUT  WEiaiT 

The  weight  of  the  main  gear  side  strut  is  computed  for  the  drift  landing 
and  turning  conditions.  The  maximum  weight  is  saved.  The  nose  gear  side 
strut  is  computed  for  the  turning  condition.  (See  Figure  40.) 


SSWT 


0.7698  TOTLNG 


RHO  STRUTS  WCSS 


(113) 
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SSWT  ■ weight  of  main  or  nose  gear  side  strut,  lb 
WCSS  ■ side  strut  weight  coefficient 

The  weight  of  the  drag  strut  is  computed  for  all  conditions  except  drift 
landing  and  turning.  The  maximum  weight  is  saved. 

DSWT  - 0.7698  TOTLNG  RHO  STRUTS  WCDS  (114) 

DSWT  * weight  of  main  or  nose  gear  side  strut,  lb 
WCDS  * drag  strut  weight  coefficient 


OIL  WEIgfT 

The  weight  of  the  oil  is  calculated  by  equation  115. 


WTOIL  « PI 


1.5  STROKE  STRUTS  DOIL 


WTOIL  = weight  of  oil  for  either  main  or  nose  gear,  lb 
STROKE  * stroke  of  either  main  or  nose  gear,  in. 

DOIL  ■ density  of  oil,  lb/in. ^ 


(115) 


MISCELLANEOUS  WEIGHT 

The  miscellaneous  weight  is  a function  of  TOTCAL,  the  total  calculated 
structure  weight,  and  TOTSTW,  the  total  calculated  weight. 


TOTCAL  = WTOC  + WTIC  + WTAXL  + WTOIL  + SSWT  + DSWT  + BWT  (116) 

TOTSTW  = TOTCAL  + WITB  (117) 
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TOTCAL  ■ total  calculated  structure  weight  of  either  main  or  nose 
gear,  lb 

TOTSTW  * total  calculated  weight  of  either  main  or  nose  gear,  lb 

WITB  ■ weight  of  wheels,  tires,  tii>es,  and  brakes  for  either 
main  or  nose  gear,  lb 

The  miscellaneous  weight  is  calculated  by  equation  118  for  the  main  gear, 
and  equation  119  for  the  nose  gear. 


WTMISC  * (WCMG-1)  TOTCAL  + WCMG  CO. 25  TOTSTW  + 0.50  TOTCAL 

+ 0.001  GRWT  ) (118) 

WIMISC  - (WCNG-1)  TOTCAL  + WCNG  (0.25  TOTSTW  + 0.50  TOTCAL  + 15)  (119) 


WTMISC  * miscellaneous  weight  of  either  main  or  nose  gear,  lb 
WCMG  * main  gear  weight  coefficient 
WCNG  * nose  gear  weight  coefficient 

TOTAL  WEIGHT. 

The  total  weight  of  the  main  gear  is  calculated  by  equation  120,  and  the 
total  weight  of  the  nose  gear  by  equation  121. 

TOTAL  - TOTSTW  + WIMISC  + WMI  (120) 

TOTAL  = TOTSTW  + WIMISC  (121) 

TOTAL  = total  weight  of  either  main  or  nose  gear,  lb 
WMI  * input  miscellaneous  weight,  lb 
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Section  III 


PROGRAM  DESCRIPTION 


GENERAL  DISCUSSION 

The  methods,  equations,  and  logic  discussed  in  section  II  haw  been 
programned  in  FORTRAN  for  the  CDC  6600  conputer.  The  landing  gear  program 
is  in  overlay  (6,  0)  of  SWEEP.  This  overlay  contains  the  main  program 
(LANDGR)  and  five  subroutines.  The  program  subroutine  flow  diagram  is  shown 
in  Figure  49.  The  functional  flow  diagram  is  shown  in  Figure  SO. 


Figure  49.  Subroutine  flow  diagram. 
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Figure  SO.  Functional  flow  diagram. 
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MASS  STORAGE  FILES 

Mass  storage  file  record  25  is  the  only  record  read  in  the  landing  gear 
program.  Record  25  is  read  in  program  LANDGR.  No  mass  storage  file  records 
are  written  in  the  landing  gear  program. 

Record  25  contains  the  landing  gear  input  data  array  D.  Array  D is 
placed  in  labeled  coninon  block/LGDATA/  so  that  the  input  data  may  be  trans- 
ferred to  subroutines  LG  EAR  and  LGWT. 

INPUT  DATA 

The  input  to  the  landing  gear  program  is  contained  in  Array  D,  which 
has  116  locations. 

The  first  45  locations  contain  permanent  data  which  are  read  from  the 
permanent  data  file,  TAPE  7.  Table  31  contains  a description  of  the  per- 
manent data  and  lists  the  values  which  are  stored  in  the  permanent  data  file. 
These  stored  values  may  be  changed  when  the  variable  input  data  for  the 
landing  gear  are  read. 

Locations  46  through  116  in  Array  D contain  the  variable  input  data. 

The  variable  input  data  are  described  in  Table  32. 


TABLE  31.  INPUT  ARRAY  D - PERMANENT  DATA 


Loc 

Description 

Value 

Subroutine 

Reference 

1 

Fraction  of  energy  absorbed  by  strut 

0.1 

LGEAR 

2 

Ratio  of  nose  gear  piston  diameter  to  main 
gear  piston  diameter 

.6 

LGWT 

3 

Spinup  coefficient 

1.4 

LGEAR 

4 

Springback  coefficient 

.893 

LGEAR 

5 

Main  gear  miscellaneous  weight  factor 

.25 

LGWT 

6 

Main  gear  miscellaneous  weight  factor 

.50 

LGWT 

7 

Main  gear  miscellaneous  weight  factor 

.001 

LGWT 

8 

Nose  gear  miscellaneous  weight  factor 

.25 

LGWT 

9 

Nose  gear  miscellaneous  weight  factor 

.50 

LGWT 
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TABLE  31.  INPUT  ARRAY  D - PERMANENT  DATA  (CENT) 


Loc 

Description 

Value 

Subroutine 

Reference 

10 

Two -point  coefficient 

.25 

LGEAR 

11 

Drift  landing  coefficient 

.8 

LGEAR 

12 

Area  tolerance  (square  inches) 

.1 

LGWT 

13 

Landing  speed  constant 

34.7776 

LGEAR 

14 

Load  factor  constant 

.98 

LGEAR 

15 

Load  factor  constant 

.08 

LGEAR 

16 

Load  factor  constant 

.8 

LGEAR 

17 

Tail  wheel  weight  equation  constant 

2.024 

LGWT 

18 

Tail  wheel  weight  equation  constant 

.2963 

LGWT 

19 

Tail  wheel  weight  equation  constant 

.6238 

LGWT 

20 

Diameter- to- thickness  ratio  factor 

.8 

LGWT 

21 

Diameter-to-thickness  ratio  factor 

1.0 

LGWT 

22 

Diameter-to-thickness  ratio  factor 

1.2 

LGWT 

23 

Main  gear  stroke  coefficient  at  takeoff 

1.0 

LGEAR 

24 

Main  gear  stroke  coefficient  at  landing 

1.0 

LGEAR 

25 

Pounds  of  brake  per  foot-pound  of  kinetic 
energy 

.408  x 10'5 

LGEAR 

26 

Diameter-to-thickness  ratio  of  inner  cylinder 
above  section  2 

50.0 

LGWT 

27 

Negligible  load  check  (pounds) 

100.0 

LGWT 

28 

Diameter-to-thickness  ratio  of  bogie 

20.0 

LGWT 

29 

Assumed  diameter-to-thickness  ratio 

10.0 

LGWT 

30 

Assumed  diameter-to-thickness  ratio 

30.0 

LGWT 

31 

Assumed  diameter-to-thickness  ratio 

50.0 

LGWT 

32 

Diameter-to-thickness  ratio  of  axle 

10.0 

LGWT 

33 

Nose  gear  stroke  coefficient  at  takeoff 

1.0 

LGEAR 

34 

Nose  gear  stroke  coefficient  at  landing 

1.0 

LGEAR 

35 

Number  of  main  gear  struts 

2.0 

LGEAR,  LGWT 

36 

Density  of  oil  (pounds/cubic  inch) 

.03 

LGWT 

37 

Braked  roll  constant 

1.0 

LGEAR 

38 

Braked  roll  constant 

1.2 

LGEAR 

39 

Fraction  of  strut  length  to  section  1 

1.00 

LGWT 
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TABLE  31.  INPUT  ARRAY  D - PERMANENT  DATA  (CQNCL) 


Loc 

Description 

Value 

Subroutine 

Reference 

Fraction  of  strut  length  to  section  2 

.60 

LGWT 

Ifl 

Fraction  of  strut  length  to  section  3 

.20 

LGWT 

K1 

Fraction  of  strut  length  to  section  4 

.12 

LGWT 

K1 

Ultimate- to- limit  ratio 

1.5 

LGEAR,  LGWT 

44 

Not  used 

45 

Not  used 

TABLE  32.  INPUT  ARRAY  D - VARIABLE  DATA 


Subroutine 

Loc 

Description 

Units 

Note (s) 

Reference 

46 

Takeoff  weight 

lb 

1 

LGEAR,  LGWT 

4 

J 

47 

Landing  weight 

lb 

1 

LGEAR,  LGWT 

48 

Aborted  takeoff  a weight 

lb 

1 

LGEAR 

I 

49 

Fuselage  station  of  CG  of  aircraft  at 

in. 

1 

LGEAR,  LGWT 

1 

takeoff 

1 

50 

Fuselage  station  of  CG  of  aircraft  at 

in. 

1 

LGEAR 

landing 

51 

Distance  from  aircraft  CG  to  ground 

in. 

1 

LGEAR 

52 

Fuselage  station  of  main  gear 

in. 

1 

LGEAR,  LGWT 

J 

53 

Fuselage  station  of  nose  gear  (or  tail 

in. 

1 

LGEAR,  LGWT 

1 

wheel) 

i 

54 

Distance  between  main  gear  struts 

in*  2 
lb/in.2 

1 

LGEAR 

} 

55 

Ultimate  tensile  strength  of  material 

LGWT 

3 

56 

Poisson’s  ration  of  material 

LGWT 

57 

Conpression  yield  stress  of  material 

lb/in. f 

LGWT 

58 

Modulus  of  elasticity  of  material 

lb/in.2 

LGWT 

59 

Density  of  material 

lb/in. 

LGWT 

60 

Main  gear  deflection  indicator 

2 

LGWT 

1 

61 

Nose  gear  deflection  indicator 

2,3 

LGWT 

| 

62 

Auxiliary  gear  indicator 

3 

LGEAR,  LGWT 

63 

Weight  coefficient  for  main  gear 

LGWT 

' 

64 

Weight  coefficient  for  nose  gear 

3 

LGWT 

1 

| 

j 
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TABLE  32.  INPUT  ARRAY  D - VARIABLE  DATA  (CONT) 


Loc 

Description 

Units 

Note (s) 

Subroutine 

Reference 

65 

66 

67 

68 

Weight  coefficient  for  outer  cylinder 
of  main  and  nose  gear 
Weight  coefficient  for  inner  cylinder 
of  main  and  nose  gear 
Weight  coefficient  for  bogie 
Weight  coefficient  for  main  gear  drag 

2 

LGWT 

LGWT 

LGWT 

LGWT 

LGWT 

69 

strut 

Weight  coefficient  for  main  gear  side 

2 

LGWT 

70 

strut 

Weight  coefficient  for  nose  gear  drag 

2,3 

LGWT 

71 

strut 

Weight  coefficient  for  nose  gear  side 

2,3 

LGWT 

72 

strut 

Axle  to  trunnion  length  of  main  gear 

in. 

1 

LGWT 

73 

with  piston  extended 
Stroke  of  main  gear 

in. 

1.4 

LGEAR,  LGWT 

74 

Piston  diameter  of  main  gear 

in. 

5 

LGWT 

75 

Eccentricity  of  main  gear  wheels 

in. 

6 

LGWT 

76 

Wheels  per  strut  on  main  gear 

7 

LGEAR,  LGWT 

77 

For- aft  angle  of  main  gear  strut 

deg 

8 

LGEAR,  LGWT 

78 

Lateral  angle  of  main  gear  strut 

deg 

8 

LGEAR,  LGWT 

79 

Outside  diameter  of  main  gear  tires 

in. 

LGEAR,  LGWT 

80 

Width  of  main  gear  tires 

in. 

LGEAR,  LGWT 

81 

Axle  to  trunnion  length  of  nose  gear 

in. 

1,3 

LGWT 

82 

with  piston  extended 
Stroke  of  nose  gear 

in. 

1,3,4 

LGEAR,  LGWT 

83 

Piston  diameter  of  nose  gear 

in. 

3,5 

LGWT 

84 

Eccentricity  of  nose  gear  wheels 

in. 

3,6 

LGWT 

85 

Wheels  per  strut  on  nose  gear 

3,7 

LGEAR,  LGWT 

86 

Fore-aft  angle  of  nose  gear  sti  t 

deg 

3,8 

LGEAR,  LGWT 

87 

Outside  diameter  of  nose  gear  tires 

in. 

3 

LGEAR,  LGWT 

88 

Width  of  nose  gear  tires 

in. 

3 

LGEAR,  LGWT 

89 

Sink  speed  at  takeoff  weight 

ft/sec 

1,9 

LGEAR,  LGWT 

90 

Sink  speed  at  landing  weight 

ft/sec 

1 

LGEAR 

91 

Landing  speed  at  takeoff  weight 

ft/sec 

1,10 

LGEAR 

92 

Landing  speed  at  landing  weight 

ft/sec 

1,10 

LGEAR 

93 

Limit  load  factor  at  takeoff  weight 

11 

LGEAR 

94 

Limit  load  factor  at  landing  weight 

11 

LGEAR 

95 

Coefficient  of  lift  at  takeoff  weight 

10 

LGEAR 

96 

Coefficient  of  lift  at  landing  weight 

10 

LGEAR 
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TABLE  32.  INPUT  ARRAY  D - VARIABLE  DATA  (CONT) 


Subroutine 

Loc 

Description 

Units 

Note (s) 

Reference 

97 

Area  of  wing 

ft2 

10 

LGEAR 

98 

Wing  lift  coefficient 

LGEAR 

99 

Not  used 

LGEAR 

100 

Main  gear  wheel  weight  per  aircraft 

lb  2 

12 

LGEAR 

101 

Inertia  of  main  gear  wheels,  tires, 

slug  ft^ 

13 

LGEAR 

tubes , and  brakes 

102 

Main  gear  tire  weight  per  aircraft 

lb 

12 

LGEAR 

10.. 

Brake  weight  per  aircraft 

lb 

12 

LGEAR 

104 

Main  gear  miscellaneous  weight  per 

lb 

14 

LGWT 

aircraft 

105 

Nose  gear  wheol  weight  per  aircraft 

lb 

3,12 

LGEAR 

106 

Nose  gear  tire  weight  per  aircraft 

lb 

3,12 

LGEAR 

107 

Main  gear  axial  load  \ 

any  conditions 

lb 

9 

LGEAR 

108 

Main  gear  normal  load/ 

except  turning 
or  drift  landing 

lb 

9 

LGEAR 

109 

110 

Main  gear  axial  load  1 
Main  gear  normal  load/ 

Drift  landing 

lb 

9 

LGEAR 

111 

Main  gear  axial  load  \ 

Turning 

lb 

9 

LGEAR 

112 

Main  gear  normal  load/ 

lb 

9 

LGEAR 

113 

Nose  gear  axial  load  1 

Any  conditions 

lb 

3,9 

LGEAR 

11* 

Nose  gear  normal  load/ 

except  turning 

lb 

3,9 

LGEAR 

115 

Nose  gear  axial  load  1 

Turning 

lb. 

3,9 

LGEAR 

116 

Nose  gear  normal  load/ 

lb 

3,9 

LGEAR 

1.  If  the  takeoff  weight  is  not  input  in  location  46  of  the  landing  gear 
NOTE  data,  the  data  in  locations  47-54,  72,  73,  81,  82  and  89-92  shoiild  also 

be  omitted.  The  data  in  these  locations  will  be  transferred  from  the 
general  input  data  to  the  landing  gear  input  data  in  subroutine  DLNDGR 
in  the  data  management  module. 

2.  If  the  main  gear  deflection  indicator  in  location  60,  or  the  nose  gear 
deflection  indicator  in  location  61,  is  0,  the  deflections  of  the  strut 
will  be  determined.  If  the  deflection  indicator  is  1,  the  deflection 
analysis  will  be  bypassed  in  subroutine  LGWT. 

In  theory,  the  deflections  would  be  deteimined  when  there  are  no  drag 
and  side  struts  supporting  the  main  strut,  and  bypassed  when  there  are 
supporting  struts.  However,  there  is  no  restriction  in  the  program, 
and  the  user  may  1 ■'th  deflections  and  supporting  struts,  or 
neither. 
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TABLE  32.  INPUT  ARRAY  D - VARIABLE  DATA  (COOT) 


The  drag  and  side  strut  weights  are  always  conputed  in  subroutine  LGWT, 
but  may  be  deleted  by  setting  the  corresponding  weight  coefficient  to 
0.  The  weight  coefficients  are  in  locations  68  through  71. 

3.  If  the  auxiliary  gear  indicator  in  location  62  is  1,  the  auxiliary 
gear  is  a nose  gear.  The  weight  of  the  nose  gear  is  determined  in  the 
same  manner  as  the  main  gear.  If  location  62  is  0,  the  auxiliary  gear 
is  a tail  wheel.  The  weight  of  a tail  wheel  is  calculated  from  a 
single  statistical  equation;  therefore,  the  nose  gear  data  in  locations 
61,  62,  64,  81-88,  105,  106,  and  113-116  may  be  omitted. 

4.  The  main  gear  stroke  in  location  73  and  the  nose  gear  stroke  in  loca- 
tion 82  are  in  the  vertical  direction,  not  parallel  to  the  strut 
(unless  the  strut  is  perpendicular). 

5.  If  the  piston  diameter  of  the  main  gear  is  not  input  in  location  74,  it 
will  be  conputed  in  subroutine  LGWT  as  a function  of  the  static  load. 

If  the  piston  diameter  of  the  nose  gear  is  not  input  in  location  83,  it 
will  be  conputed  in  LGWT  as  a function  of  the  main  gear  piston  diameter. 

6.  The  eccentricity  is  measured  as  shown  in  Figure  51.  The  eccentricity 
is  positive  in  the  inboard  direction,  negative  in  the  outboard 


7.  The  main  gear  must  have  1,  2,  or  4 wheels  per  strut.  If  there  are  4 
wheels  per  strut,  the  weight  of  the  bogie  will  be  determined  in  sub- 
routine LGWT. 

The  nose  gear  must  have  1 or  2 wheels  per  strut. 
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TABLE  32.  INPUT  ARRAY  D - VARIABLE  DATA  (CO NT) 


8.  The  fore-aft  and  lateral  angles  of  the  main  gear  strut  are  measured  as 
shown  in  Figure  52.  The  fore- aft  angle  is  positive  in  the  forward 
direction;  the  lateral  angle  is  positive  in  the  outboard  direction. 

The  nose  gear  has  oily  a fore -aft  angle,  as  shown  in  Figure  53. 


Lateral  angle 


Trunnion 

Main  gear  strut 
Fore-aft  angle 


Outboard 


Trunnion 
Nose  gear  strut 


Nos« 

^V-For 

axle 


Fore-aft  angle 


Figure  52.  Main  gear  strut 
angles. 


Figure  53.  Nose  gear  strut 
angles. 


9.  If  the  sink  speed  is  input  in  location  89  in  the  landing  gear  data, 

the  loads  will  be  confuted  in  subroutine  LGEAR,  and  the  input  loads  in 
locations  107  through  116  may  be  omitted. 

If  the  sink  speed  is  not  input,  the  loads  cannot  be  computed;  one  or 
more  sets  of  loads  must  be  input  for  both  the  main  gear  and  the  nose 
gear.  If  more  than  one  set  of  loads  is  input,  the  program  will  deter- 
mine the  critical  loads,  just  as  when  all  the  loads  are  computed. 

If  the  main  gear  input  loads  are  from  either  the  two-point  landing, 
spinup,  springback,  braked  roll,  unsymmetrical  braking,  or  towing 
conditions,  they  are  input  in  locations  107  and  108.  The  loads  are 
in  the  fore-aft  direction,  and  must  be  input  if  the  weight  of  the 
main  gear  drag  strut  is  to  be  confuted. 

If  the  main  gear  input  loads  are  from  the  drift  landing  condition, 
they  are  input  in  locations  109  and  110;  if  from  turning,  they  are 
input  in  locations  111  and  112,  Either  the  turning  or  drift  landing 
loads  must  be  input  if  the  weight  of  the  main  gear  side  strut  is  to 
be  confuted. 
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TABLE  32.  INPUT  ARRAY  D - VARIABLE  DATA  (CONCL) 


If  the  nose  gear  input  loads  are  from  any  condition  except  turning, 
they  are  input  in  location  113  and  114.  These  loads  are  in  the  fore- 
aft  direction,  and  must  be  input  if  the  weight  of  the  nose  gear  drag 
strut  is  to  be  computed. 

If  the  nose  gear  input  loads  are  from  the  turning  condition,  they  are 
input  in  locations  115  and  116.  The  turning  loads  must  be  input  if 
the  weight  of  the  side  strut  is  to  be  confuted. 

10.  If  the  landing  speed  at  takeoff  weight  is  input  in  location  91,  the 
landing  speed  at  landing  weight  must  also  be  input  in  location  92, 
and  the  wing  area  in  location  97  and  the  lift  coefficients  in  loca- 
tions 95  and  96  may  be  omitted.  If  location  91  is  0,  both  landing 
speeds  will  be  comouted  from  the  input  data  in  locations  95,  96,  and 
97. 

11.  If  the  load  factor  at  takeoff  weight  is  input  in  location  93,  the 
load  factor  at  landing  weight  must  also  be  input  in  location  94.  If 
location  93  is  0,  both  load  factors  will  be  computed. 

12.  If  the  main  gear  wheel  weight  is  input  in  location  100,  the  main 
gear  tire  and  brake  weights  in  locations  102  and  103  and  the  nose 
gear  wheel  and  tire  weights  in  locations  115  and  106  must  also  be 
input.  If  location  100  is  0,  the  wheel,  tiro,  and  brake  weights 
for  both  the  main  and  nose  gears  will  be  computed  in  subroutine 
LGEAR. 

13.  If  the  inertia  of  the  main  gear  wheels,  tires,  and  brakes  is  not 
input  in  location  101,  it  will  be  computed. 

14.  The  miscellaneous  weight  input  in  location  104  is  in  addition  to  the 
miscellaneous  weight  conputed  by  statistical  methods  in  subroutine 
LGWT. 


LABELED  CONMON  BLOCKS 

The  common  block  labeled/IPRINT/contains  array  IP  (80).  Each  location 
in  array  IP  is  a print  indicator.  A "0"  indicates  print,  or  "1"  indicates 
do  not  print. 
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Location  59  in  array  IP  is  used  in  program  LANDGR  to  determine  whether 
the  input  data  will  be  printed. 

Location  60  in  array  IP  is  used  in  subroutine  LGEAR  to  indicate 
whether  the  landing  gear  loads  will  be  printed. 

The  common  block  labeled/ FDATT/contains  array  FEAT  (60) . The  weight 
suninary  data  from  each  conpcnent  of  the  aircraft  are  stored  in  array  FEAT. 
Locations  41  through  50  in  array  FEAT  are  used  to  store  the  weights  and 
fuselage  stations  of  the  main  gear  and  either  the  nose  gear  or  tail  wheel . 
These  variables  are  described  in  Table  33. 


TABLE  33.  FEAT  ARMY  VARIABLES 


LOC 

Description 

Subroutine 

Reference 

41 

Total  main  gear  weight , lb 

LGWT 

42 

Main  gear  wheel,  tube,  tire,  and 
brake  weight,  lb 

LGWT 

43 

Main  gear  strut  weight,  lb 

LGWT 

44 

Main  gear  miscellaneous  weight,  lb 

LGWT 

45 

Fuselage  station  of  main  gear,  in. 

LGWT 

46 

Total  weight  of  nose  gear  or 
tail  wheel,  lb 

LGWT 

47 

Nose  gear  wheel,  tube,  and  tire 
weight,  lb 

LGWT 

48 

Nose  gear  strut  weight,  lb 

LGWT 

49 

Nose  gear  miscellaneous  weight,  lb 

LGWT 

50 

Fuselage  station  of  nose  gear 
or  tail  wheel,  in. 

LGWT 
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The  common  block  labeled/LGDATA/ appears  in  the  landing  gear  program 
only.  This  conmon  block  contains  the  input  data  array  D;  the  landing  gear 
loads  array  FLO  ALT. ; and  the  wheel,  tire,  tube,  and  brake  weights. 

The  input  array  D is  described  in  Tables  31  and  32. 

The  landing  gear  loads  are  conputed  in  subroutine  LGEAR  and  stored  in 
array  FLQADS.  This  array  is  described  in  Table  34. 

The  wheel,  tire,  tube,  and  brake  weights  are  also  conputed  in  subroutine 
LGEAR.  These  variables  are  described  in  Table  35. 


SUBROUTINE  DESCRIPTIONS 
PROGRAM  LANDGR 
General  Description 

Deck  name:  LANDGR 

Entry  name:  OVERLAY  (5HALPHA,  6,0) 

Called  by:  OLAYOO 

Subroutines  called:  LGEAR,  LGWT 

Program  LANDGR  is  the  main  program  of  the  landing  gear  module.  It  reads 
the  input  data  from  mass  storage  file  record  25,  and  prints  the  variable  input 
data  if  the  print  indicator  is  on.  It  then  calls  subroutine  LGEAR  to  conpute 
the  landing  gear  loads,  and  subroutine  LGWT  to  conpute  the  landing  gear 
weights. 


Variables  Calculated 


Variable 

Description 

N 

General  index 

Labeled  Conmon  Blocks 


IP  (59),  which  is  taken  from  conmon  block/IPRINT/,  indicates  whether 
the  variable  input  data  in  locations  46  to  116  of  the  input  data  °rray  will  be 
printed  (Figure  54) . 


TABLE  34.  ARRAY  F LOADS  IN  LGDATA  BLOCK 


Description 


Axial  load  - two-point  landing 
Normal  load  - two-point  landing 
Axial  load  - spinup 
Normal  load  - spinup 
Axial  load  - springback 
Normal  load  -springback 


Axial  load  - braked  roll 


Normal  load  - braked  roll 


Subroutine 
Units  Reference 


LGEAR,LGWT 


Axial  load  - drift  landing 

Normal  load  - drift  landing 

Axial  load  - unsymmetrical 
braking 

Normal  load  - unsynmetrical 
braking 

Axial  load  - towing 
Normal  load  - towing 
Axial  load  - turning 
Normal  load  - turning 


Main  gear  at 

takeoff 

weight 


LGEAR.LGWT 
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TABLE  34.  ARRAY  FLQADS  IN  LCDATA  BLOCK  (CONT) 


LOC 

Description 

Units 

Subroutine 

Reference 

17 

Axial  load  - two-point  landing 

1 

b 

LG 

EAR,LGWT 

18 

Normal  load  - two-point  landing 

19 

Axial  load  - spinup 

20 

Normal  load  - spinup 

21 

Axial  load  - springback 

22 

Normal  load  - springback 

23 

Axial  load  - braked  roll 

24 

Normal  load  - braked  roll 

25 

Axial  load  - drift  landing 

Main  gear  at 
takeoff 

26 

Normal  load  - drift  landing 

weight 

27 

Axial  load  - unsymmetrical 
braking 

28 

Normal  load  - unsymnetrical 
braking 

29 

30 

31 

32 

lb 

LGEAR,LGWT 
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"rs 


. nWWWrJI  flilJHIMiMWW  W I. 


|S 


LOC 


33 

34 

35 

36 

37 

38 

39 


40 


41 


42 

43 


44 


45 

46 

47 

48 


TABLE  34.  ARRAY  FLQADS  IN  LGDATA  BLOCK  (COW) 


Description 


Axial  load  - two-point  landing 
Normal  load  - two -point  landing 
Axial  load  - spinup 
Normal  load  - spinup 
Axial  load  - springback 
Normal  load  - springback 


Axial  load  - unsymmetrical 
braking 


Normal  load  - unsymmetrica L 
braking 


Axial  load  - towing 
Normal  load  - towing 
Axial  load  - turning 
Normal  load  - turning 


Nose  gear  at 
^takeoff 
weight 


Units 


lb 


lb 


Subroutine 

Reference 


LGEAR.LGWT 


♦ 


LGEAR.LGWT 


TABLE  34.  ARRAY  FLQADS  IN  LGDATA  BLOCK  (CQNCL) 


LOC 

Description 

Units 

Subroutine 

Reference 

49 

Axial  load  * two-point  landing 

1 

b. 

LGE 

iAR,LG 

vrr 

50 

Normal  load  - two-point  landing 

41 

Axial  load  - spinup 

52 

Normal  load  - spinup 

53 

Axial  load  - springback 

54 

Normal  load  - springback 

Nose  gear  at 

landing 

55 

weight 

56 

57 

58 

59 

Axial  load  - unsynmetrical 

braking 

60 

Normal  load  - unsymmetrical 

lb 

LGEAR,LGWT 

braking 

TABLE  35.  WHEEL,  TIRE,  TUBE,  AND  BRAKE  WEIGHTS 
IN  LGDATA  BLOCK 


Variable 

Description 

Units 

Subroutine 

Reference 

TTAUX 

Weight  per  aircraft  of  nose  gear  tubes  and 

lb 

LGEAR,LGWT 

tires 

TTMAIN 

Weight  per  aircraft  of  main  gear  tubes  and 

tires 

WHEELA 

Weight  per  aircraft  of  nose  gear  wheels 

WHEELM 

Weight  per  aircraft  of  main  gear  wheels 

BRAKES 

Weight  of  brakes 

lb 

, 

LGE 

AR,LG 

wr 
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The  input  data  array  D (Tables  31  and  32)  is  placed  in  cormon  block/LGDATA/ 
so  that  the  input  data  may  be  transferred  to  subroutines  LGEAR  and  LGWT. 

Mass  Storage  File  Records 

Mass  storage  file  record  25,  which  contains  landing  gear  data  array  D,  is 
read.  No  mass  storage  file  records  are  written. 


SUBROUTINE  LOADS 
General  Description 

Deck  name:  LOADS 
Entry  name:  LOADS 
Called  by:  LGEAR 
Subroutines  called:  None 


Subroutine  LOADS  computes  the  axial  and  normal  loads  on  the  strut  from 
the  drag,  side,  and  vertical  loads  on  the  wheels. 

Variables  Input 


Variable 

Description 

Units 

CSFA 

Cosine  of  the  angle  between  strut  and  fore -aft 
direction 

CSL 

Cosine  of  angle  between  strut  and  lateral  direction 

CSV 

Cosine  of  angle  between  strut  and  vertical 

DF 

Drag  (fore-aft)  load  on  wheels 

lb 

SF 

Side  (lateral)  load  on  wheels 

lb 

VF 

Vertical  load  on  wheels 

lb 
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Variables  Calculated 


Variable 

Description 

Units 

ANG 

Angle  between  strut  and  resultant  load 

radians 

AXLQAD 

Axial  load  on  strut 

lb 

CRFA 

Cosine  of  angle  between  resultant  load  and  fore-aft 
direction 

CRL 

Cosine  of  angle  between  resultant  load  and  lateral 
direction 

CRV 

Cosine  of  angle  between  resultant  load  and  vertical 

PLOAD 

Normal  load  an  strut 

lb 

RLQAD 

Resultant  load  of  drag,  side,  and  vertical  loads 
on  wheels 

lb 

SUBROUTINE  LG3P 

General  Description 

Deck  name; 

LG3P 

Entry  name: 

LG3P 

Called  by; 

LGWT 

Subroutines  called: 

None 

Subroutine  LG3P  is  a three-point  interpolation  routine.  A second  degree 
curve,  of  the  form  shown  in  equation  123,  is  passed  through  three  points  in 
order  to  determine  the  value  of  Y for  a given  value  of  X. 


YP 


(XP-Xj)  (xp-x2)  y3  (xp-x2)  cxp-x3)  yx 
(XfX3)  (X2-X3)  + (xrx2)  (xrx3) 


(XP-XX)  (xp-x3)  y2 

cxrx2)  cx2-x3) 


(123) 
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Arrays  Input 


Array  (Dimension) 

Description 

X(3) 

Three  values  of  X 

Y(3) 

Three  values  of  Y corresponding  to  X(3) 

Variables  Input 


Variable 

Description 

XP 

Value  of  X for  which  a value  of  Y will  be  determined 

Arrays  Calculated 


Array  (Dimension) 

Description 

V (9) 

Used  for  temporary  storage  of  elements 
in  equation  1 

Variables  Calculated 


Variable 

Description 

YP 

Value  of  Y corresponding  to  XP 

SUBROUTINE  BMOR 

General  Description 

Deck  name: 

BMOR 

Entry  name: 

BMOR 

Called  by: 

LGOT 

Subroutines  called: 

None 

ji 
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Subroutine  BMOR  confutes  the  bending  modulus  of  nature  and  the  torsion 
modulus  of  rupture  as  functions  of  the  u?*4mate  tensile  strength  of  the 
material  and  the  ratio  of  the  diameter  ol  Jie  cylinder  to  the  wall  thickness. 

Variables  Input 


Variable 

Description 

Units 

DT 

Ratio  of  diameter  of  cylinder  to  ' 

cylinder  wall  thickness 

HT 

Ultimate  tensile  strength  of  material 

lb/in.2 

Variables  Calculated 


Variable 

Description 

Units 

AFB 

Scratch  variable 

AST 

Scratch  variable 

BFB 

Scratch  variable 

BMUI 

Bending  modulus  of  nature 

lb/in.2 

BST 

Scratch  variable 

CFB 

Scratch  variable 

CST 

Scratch  variable 

TMOR 

Tension  modulus  of  rupture 

lb/ in. 2 

X 

Diameter-to-thickness  ratio 

Z 

Ultimate  tensile  strength  divided  by 
1,000 

lb/in.2  X 
10"3 
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SUBROUTINE  LGEAR 


General  Description 

Deck  name:  LGEAR 
Entry  name : LGEAR 
Called  by:  LANDGR 
Subroutines  called:  LOADS 


Subroutine  LGEAR  conputes  the  landing  gear  loads.  The  axial  and  normal 
loads  on  the  strut  are  determined  for  eight  load  conditions. 

The  loads  for  the  two-point  landing,  spinup,  springback,  and  unsymmetrical , 
braking  load  conditions  are  determined  at  both  the  takeoff  and  landing  weights 
for  both  the  main  and  nose  gears. 

The  loads  for  the  braked  roll  and  drift  landing  conditions  are  determined 
at  both  takeoff  and  landing  weights  for  the  main  gear  only. 

The  loads  for  the  towing  and  turning  conditions  are  determined  at  the 
takeoff  weight  only  for  both  the  main  and  nose  gears. 


Labeled  Common  Blocks 


IP  (t>0) , which  is  taken  from  common  block/IPRINT/,  indicates  whether  the 
landing  gear  loads  will  be  printed  in  subroutine  LGEAR  (Figure  55) . 

Input  data  array  D is  transferred  from  program  LANDGR  to  subroutine 
LGEAR  in  common  block/LGDATA/.  Array  D is  described  in  Tables  31  and  32. 

The  landing  gear  loads  computed  in  subroutine  LGEAR  are  stored  in  array 
FLOADS,  which  is  placed  in  common  block/LGDATA/.  Array  LFOADS  is  described 
in  Table  34. 

The  wheel,  tire,  tube,  and  brake  weights  computed  in  subroutine  LGEAR 
are  placed  in  common  block/LGDATA/.  These  variables  are  described  in  Table  35. 
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LANDING  SPEED  SINKING  SPEED 
WEIGHT  LCAD  FACTOR  (FT/SEC  I I FT/SEC) 
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TURNING  AXUL  390364.  45101. 

NORMAL  195184.  22550. 

Figure  55.  Sample  output  from  LGEAR  of  landing  gear  loads 


Variable 

Description 

Units 

A1 

Fore-aft  angle  of  strut 

radians 

A2 

Lateral  angle  of  strut 

radians 

CSFA 

Cosine  of  angle  between  strut  and  fore- aft 
direction 

CSL 

Cosine  of  angle  between  strut  and  lateral 
direction 

CSV 

Cosine  of  angle  between  strut  and  vertical 

DF 

Drag  (fore-aft)  load  on  wheels 

lb 

DIST 

Distance  from  main  gear  to  nose  gear 
(fuselage  stations) 

in. 

FDSU 

Maximum  spintp  drag  load 

lb 

FNG4L 

Element  in  equation  for  TVFACT 

FNS 

Element  in  turning  load  equation 

FTOW 

Tow  load 

lb 

FVSU 

Vertical  load  at  time  TSU 

lb 

I 

Loads  index: 

I ■ 1 - Main  gear  at  takeoff  weight 
I ■ 17  - Main  gear  at  landing  weight 
I ■ 33  - Nose  gear  at  takeoff  weight 
I ■ 49  - Nose  gear  at  landing  weight 

K 

Weight  index: 

K ■ 1 - Takeoff  weight 
K ■ 2 - Landing  weight 

Variable 

Description 

Units 

L 

Component  index: 

L ■ 1 - Main  gear 
L ■ 2 - Nose  gear 

N 

General  index 

NO  2 

General  index 

SF 

Side  (lateral)  load  on  wheels 

lb 

TSU 

Time  required  for  wheel  circumferential 
velocity  to  reach  ground  velocity 

sec 

TSUFAC 

Element  in  equation  for  TSU 

TV 

Time  required  to  develop  vertical 
reaction 

sec 

TVFACT 

Element  in  equation  for  TV 

VF 

Vertical  load  on  wheels 

lb 

WITAUX 

Weight  per  wheel  of  nose  gear  wheel,  tube, 
and  tire 

lb 

wtimai 

Weight  per  wheel  of  main  gear  wheel,  tube, 
and  tire 

lb 

Arrays  Calculated 


Array 

(location) 

Description 

Units 

A(l) 

Distance  from  CG  at  takeoff  to  main  gear 
(fuselage  stations) 

in. 

A(2) 

Distance  from  CG  at  landing  to  main  gear 
(fuselage  stations) 

in. 

B(l) 

Distance  from  CG  at  takeoff  to  nose  gear 
(fuselage  stations) 

in. 

Array 

(location) 


Description 


Uiits 


B(2) 

Distance  from  CG  at  landing  to  nose  gear 
(fuselage  stations) 

in. 

DELTIR(l) 

Deflection  of  main  gear  tires 

ft 

DELTIR(2) 

Deflection  of  nose  gear  tires 

ft 

FIW(l) 

Inertia  of  main  gear  wheels,  tires,  tubes, 
and  brakes 

slug-ft2 

FIW(2) 

Inertia  of  nose  gear  wheels,  tires,  and 
tubes 

slug- ft2 

FNG(l) 

Load  factor  at  takeoff  weight 

FNG(2)  . 

Load  factor  at  landing  weight 

FVMAX(l) 

Maximum  vertical  load  at  takeoff  weight 

lb 

FVMAX(2) 

Maximum  vertical  load  at  landing  weight 

lb 

GRWT(l) 

Takeoff  gross  weight 

lb 

GRWT(2) 

Landing  gross  weight 

lb 

OD(l) 

Outside  diameter  of  main  gear  tires 

ft 

OD(2) 

Outside  diameter  of  nose  gear  tires 

ft 

PRAD(l) 

Rolling  radius  of  main  gear  tires 

ft 

PRAD(2) 

Rolling  radius  of  nose  gear  tires 

ft 

STROKE (1) 

Effective  stroke  at  takeoff  weight 

ft 

STROKE  (2) 

Effective  stroke  at  landing  weight 

ft 

VL(1) 

Landing  speed  at  takeoff  weight 

ft/sec 

VL(2) 

Landing  speed  at  landing  weight 

ft/sec 
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SUBROUTINE  LGWT 


General  Description 

Deck  name : LGWT 

Entry  name:  LGWT 

Called  by:  LANDGR 

Subroutines  called:  BMDR,  LG3P 

Subroutine  LGWT  computes  *he  weight  of  the  main  landing  gear  and  the 
weight  of  either  the  nose  gear  or  the  tail  wheel. 

The  total  landing  gear  weight  is  the  sum  of  the  weights  of  the  inner 
cylinder,  outer  cylinder,  axle,  bogie,  drag  strut,  side  strut,  oil,  wheels, 
tires,  tubes,  brakes,  and  miscellaneous  components.  Weight  suimary  results 
are  printed  by  this  routine  (Figures  56  and  57) . 


Labeled  Comnon  Blocks 

Input  array  D is  transferred  from  program  LANDGR  to  subroutine  LGWT  in 
common  block/LGDATA/ . Array  D is  described  in  Tables  31  and  32. 

The  landing  gear  loads  which  were  stored  in  array  FLQADS  in  subroutine 
LGEAR  are  transferred  to  subroutine  LGWT  in  common  block/LGIMA/ . Array 
FLQADS  is  described  in  Table  34. 

The  wheel,  tire,  tube,  and  brake  weights  are  transferred  from  subroutine 
LGEAR  to  subroutine  LGWT  in  common  block/LGDATA/.  These  variables  are  des- 
cribed in  Table  35. 

The  weights  and  fuselage  stations  of  the  main  gear  and  either  the  nose 
gear  or  tail  wheel  are  stored  in  array  FDAT  in  labeled  common  block/FDATT/ . 
These  variables  are  described  in  Table  33. 
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MAIN  LANDING  GEAR  WEIGHTS  (POUNDS) 
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NOSE  LANDING  GEAR  WEIGHTS  (POUNDS! 
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Description 

Constant  in  piston  diameter  equation 

Area  of  cylinder  section 

Area  of  section  2 from  previous  pass 
in  deflection  loop 

Length  of  axle 

Total  load  on  axles 

Constant  in  piston  diameter  equation 

Diameter  of  bogie 

Bending  moment  on  axle 

Bending  moment  on  bogie 

Ratio  of  deflection  at  bottom  of  strut 
to  deflection  at  section  2 

BMOD  Bending  modulus  of  rupture  for  axle 

BMDFR  Bending  modulus  of  rupture  at  cylinder 

section 

EMR  Resultant  bending  moment 

BMY  Fore -aft  bending  moment 

BMYDZ  Design  fore-aft  bending  moment  at 

section  2 

BMZ  Lateral  bending  moment 

1MZDZ  Design  lateral  bending  moment  at 

section  2 

BOGL  Length  of  bogie 

BOGWT  Weight  of  bogie 


Variable 

ACM 

AREAC 

AREA2S 

AXLGTH 

AXLOAD 

BCM 


ITT 


BMAX 

£MB 

BMFACT 
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Variable 

Description 

Units 

COSTHE 

Cosine  of  angle  between  strut  and 
vertical 

DEFLI 

Deflection  indicator 

DEFLP 

Angular  deflection  at  bottom  of  strut 

radians 

DEFLY 

Fore-aft  deflection  at  bottom  of 
strut 

in. 

DEFLZ 

Lateral  deflection  at  bottom  of  strut 

in. 

DELTA 

’•'■flight  coefficient 

DELTYR 

Deflection  of  tires 

in. 

D1AAX 

Diameter  of  axle 

in. 

DIADZ 

Diameter  of  cylinder  at  section  2 

in. 

DIAM 

Diameter  of  cylinder 

in. 

DLFLNG 

Length  from  section  to  ground  for 
drift  landing  condition 

in. 

DOTINT 

Interpolated  value  of  diameter- to- 
thickness  ratio 

DOVT 

Final  value  of  diameter-to-thickness 
ratio 

DP 

Diameter  of  piston 

in. 

DSF 

Weight  coefficient  for  drag  strut 

DSTRWT 

Weight  of  drag  strut 

lb 

ECCET 

Eccentricity 

in. 

FIG 

Moment  of  inertia  at  section  2 

4 

in. 

GMOD 

Modulus  of  rigidity 

lb/in. ^ 

HT 

Ultimate  tensile  strength 

lb/ in. ^ 

Variable 


Description 


Units 


I 

Section  subscript 

J 

Loads  subscript 

L 

Loads  index 

LOOP 

Deflection  loop  counter 

M 

General  index 

N 

Index  in  diameter-to-thickness 
ratio  search 

NTRIP 

Conponent  indicator  (1  ■ main  gear, 
2 ■ nose  gear) 

ODTYR 

Outside  diameter  of  tires 

in. 

PASS 

Ratio  check  counter 

PI 

Ratio  of  circumference  of  circle  to 
diameter 

RADPD 

Element  in  piston  diameter  equation 

SMALA 

Element  in  piston  diameter  equation 

SMALB 

Element  in  piston  diameter  equation 

SSF 

Weight  coefficient  for  side  strut 

SSTRWT 

Weight  of  side  strut 

lb 

STROKE 

Stroke  of  piston 

in. 

STRUTS 

Number  of  struts 

SW 

Static  load  on  each  strut 

lb 

TAILWT 

Weight  of  tail  wheel 

lb 
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Variable 

— 

Description. 

Units 

MX 

Torsion  moment  on  axle 

in. -lb. 

1MB 

Torsion  moment  on  bogie 

in. -lb 

1M)D 

Torsion  modulus  of  rupture  for  axle 

lb/ in. ^ 

1M0FR 

Torsion  modulus  of  rupture  at  cylinder 
section 

lb/in.2 

TOTAL 

Total  weight  of  main  or  nose  gear 

lb 

TOTCAL 

Total  calculated  weight  of  landing 
gear  structure 

lb 

TOTLNG 

Axle  to  trunnion  length  of  gear 
with  piston  extended 

in. 

TOTSTW 

Total  calculated  weight 

lb. 

TPHI 

Torsion  bending  moment 

in. -lb 

TPHIDZ 

Design  torsion  bending  moment  at 
section  2 

in. -lb 

VOLAX 

Volume  of  axle 

. 3 
in. 

VOLOIL 

Volune  of  oil 

. 3 
in. 

KBIT 

Weight  of  brakes,  wheels,  tires, 
and  tubes 

lb 

WHEELS 

Number  of  wheels  per  strut 

WIDTH 

Width  of  tires 

in. 

WTAXL 

Weight  of  axle 

lb 

WTBRK 

Weight  of  brakes 

lb 

WTIC 

Weight  of  inner  cylinder 

lb 
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Variable  Description  Units 


WTMISC  Calculated  miscellaneous  weight  lb 

WTOC  Weigh:  of  outer  cylinder  lb 

WTOIL  Weight  of  oil  lb 

WTTT  Weight  of  tubes  and  tires  lb 

WTWHL  Weight  of  wheels  lb 

XAWTBB  Fore-aft  distance  from  trunnion  to  CG  in. 

of  wheels,  tires,  tubes,  and 
brakes 

XCG  Fore- aft  distance  from  trunnion  to  CG  in. 

of  main  or  nose  gear 

XCGDS  Fore-aft  distance  from  trunnion  to  CG  in. 

of  drag  strut 

XCGIC  Fore-aft  distance  from  trunnion  to  CG  in. 

of  inner  cylinder 

XCGOC  Fore-aft  distance  from  trunnion  to  CG  in. 

of  outer  cylinder 

XCGOIL  Fore-aft  distance  from  trunnion  to  CG  in. 

of  oil 

XCGSS  Fore-aft  distance  from  trunnion  to  CG  in. 

of  side  strut 

2 

XFB  Bending  modulus  of  rupture  for  bogie  lb/ in. 

2 

XFT  Torsion  modulus  of  rupture  for  bogie  lb/in. 

YAWTBB  Lateral  distance  from  trunion  to  CG  of  in. 

wheels,  tires,  tubes,  and  brakes 

YCG  Lateral  distance  from  trunnion  to  CG  in. 

of  main  nose  gear 

YCGDS  Lateral  distance  from  trunnion  to  CG  in. 

of  drag  strut 
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Variable 


Description 


Uhits 


Arrays  Calculated 


— 

Array 

(location) 

Description 

Units 

ANGLE (1) 

Fore -aft  angle  of  strut 

radians 

ANGLE (2) 

Lateral  angle  of  strut 

radians 

AREAN(l) 

Final  area  of  section  1 

. 2 
in. 

AREAN(2) 

Final  area  of  section  2 

. 2 
in. 

AREAN(3) 

Final  area  of  section  3 

2 

in. 

AREAN(4) 

Final  area  of  section  4 

. 2 
in. 

AS(1) 

Clyinder  area  required  for  strength 
for  D0T(1) 

. 2 

in. 

AS(2) 

Cylinder  area  required  for  strength 
for  DOT (2) 

2 

in. 

AS(3) 

Cylinder  area  required  for  strength 
for  DOT  (3) 

2 

in. 

DIA(l) 

Outside  diameter  of  strut  for  D0T(1) 

in. 

DIA(2) 

Outside  diameter  of  strut  for  DOT  (2) 

in. 

DIA(3) 

Outside  diameter  of  strut  for  D0T(3) 

in. 

DOT  (1) 

First  assumed  value  of  diameter- to- 
thickness  ratio 

DOT (2) 

Second  assumed  value  of  diameter-to- 
thickness  ratio 

DOT  (3) 

Third  assumed  value  of  diameter-to- 
thickness  ratio 

DOVRTN(l) 

Final  diameter-to-thickness  ratio  of 
section  1 

DOVRTN(2) 

Final  diameter-to-thickness  ratio  of 
section  2 
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Array 

(location) 

Description 

Units 

DOVRTN(3) 

Final  diameter- to- thickness  ratio  of 
section  3 

DOVRTN(4) 

Final  diameter- to- thickness  ratio  of 
section  4 

■FLNGTH(l) 

Length  from  axle  to  section  1 

in. 

FLNGTH(2) 

Length  from  axle  to  section  2 

in. 

FLNGTH(3) 

Length  from  axle  to  section  3 

in. 

FLNGTH(4) 

Length  from  axle  to  section  4 

in. 

GRWT(l) 

Takeoff  gross  weight 

lb. 

GRWT(2) 

Landing  gross  weight 

lb. 

LODIDN(l) 

Design  condition  identification  for 
section  1 

LODIDN(2) 

Design  condition  identification  for 
section  2 

L0DIDN(3) 

Design  condition  identification  for 
section  3 

LODIDN(4) 

Design  condition  identification  for 
section  4 

PFB(l) 

Bending  modulus  of  rupture  at 
section  1 

lb/ in. 2 

PFB(2) 

Bending  modulus  of  rupture  at 
section  2 

lb/in.2 

PFB(3) 

Bending  modulus  of  rupture  at 
section  3 

lb/in. 2 

PFB(4) 

Bending  modulus  of  nature  at 
section  4 

lb/ in. 2 
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i 


Array 

(location) 

Description 

Units 

PFST (1) 

Torsion  modulus  of  nature  at 
section  1 

lb/in.2 

PFST (2) 

Torsion  modulus  of  rupture  at 
section  2 

lb/in.2 

PFST (3) 

Torsion  modulus  of  rupture  at 
section  3 

lb/in.2 

PFST (4) 

Torsion  modulus  of  rupture  at 
section  4 

lb/in.2 

PHI (1) 

Angular  deflection  at  section  1 

radians 

PHI(2) 

Angular  deflection  at  section  2 

radians 

0 

PHI (3) 

Angular  deflection  at  section  3 

radians 

PHI  (4) 

Angular  deflection  at  section  4 

radians 

RAT(l) 

Ratio  of  strength  area  to 
geometric  area  for  D0T(1) 

RAT  (2) 

Ratio  of  strength  area  to 
geometric  area  for  D0T(2) 

RAT (3) 

Ratio  of  strength  area  to 
geometric  area  for  DOT (3) 

Y(l) 

Fore-aft  deflection  at  section  1 

in. 

Y(2) 

Fore-aft  deflection  at  section  2 

in. 

Y(3) 

Fore-aft  deflection  at  section  3 

in. 

Y(4) 

Fore- aft  deflection  at  section  4 

in. 

Z(l) 

Lateral  deflection  at  section  1 

in. 

2(2) 

Lateral  deflection  at  section  2 

in. 

2(3) 

Lateral  deflection  at  section  3 

in. 

Z(4) 

Lateral  deflection  at  section  4 

in. 
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M • IM.MMIK  MK  mm  VMS  ICMMV  JfM.it 
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M/tf/V 

OMNI 


tmi i utiM 


4VNTIJM  CN0H  III  - Mt»  LAMMO  VAN  MttU 


Vt  IT  IR-I>*10.fl0.*00 


I V • All!  / Olff  • 0*lt(RI  • pull 

V • MOM  • 0l*)l 

V • •• 

call  iMnicfv.cvA.c«. . v .v . v ammi i*i#»  amok i • i im 


V • AIR}  / tiff  • MfTiR}  • 0l*H 

V - II 

V • ANMHI.f  . t • PtRI  • 040H  / tiff  / pifll  I • V 
CALL  LMOKCfV.CVA.CfL  .V  .V  .V  A MM  1 1 ♦ IV I AMMl  I • IK  I 

NN4H 


AS  V • 01*11/01  IK  • DlR*Ml  • MMIIRI 

V • .•  • V 

V • M 

CJU  iMMlCfV.CVA.CV . V .V  .V  AMOK  I *01  AMOK  |Ol  I 

Miff  LAJIM 

V • .0  • flMOMli 

V • •• 

V • 0HII  • V 

CALL  LMMlCtV.CVA.CV.V.V.VAMMtl*0lAMMH*0l> 


V • 04R}  • •01*11/  ll.**Otfll  ♦ OIK  I • DlJKl 

V • 0 • 

V - 0.0 

CAU  LMMlCtV.CVA.CV.V.V.V  AMM«  I* Jl>  AMOS' 1*1111 


LVIV  Iff 


LAC  IV I M 


If  IR •!!**». **f,*ff 
C 

C VM4IW 

**f  V • 0IRI  • MMTfRI  «I*H/  Olff  / 04 N l 
C 

C MOM 

**0  If  <0**T<RI-)0000.0»*M.*M.**0 
**0  IT  laMTlRI-ltOAM  • ►*V.*V.*0» 

*ff  MOM  ■01*<M4TIK) 


LAC  mu 
LVVflf 


*VfT0M  *10  ••MMflRII/lt.OHMff.O 
AO  TO  *f» 

**»  MOM  •#.  If  •VISIT  (Rt 

HS  V • IS  • MM4  • 04*|l 

V • f .0 

CALL  LMM4CfV.CVA.CV  .V  .V  .V  AOAOK I • If  I AMMl  1*1111 
C 

C TUOftlS 

ns  • AMiMii.t  . .f «0ir) •com  / olff  / oifin 

V • SMTIRI  • «.f«04RI/0tff  • ns*0lf 1 1/0(1*11  • 01*11 

V • 0.0 

V • ns  • v 

CALL  LMM4CW.CVA.CV . V.V.V  AMMl  1*1*1  AMMl I*IK I 
C 

*00  CSfTIMS 


LAC  TV  100 
LAC  VI 10 

LACTVV0 


IKVM 


LMO00 


If  10V  0U0  OM 
If  IL  - >(*00,101  .fM 


V f AIL  0CAH  VIA  MOV  VAN  LMM 
*00  If  104V I lfi0.S0i.O00 


c vi  \*  rm  asv  van  loans 

•vs  n tv  s*i  •> 

Ml  SINMINI4IV}  • O40*»l  /If  .0 

C 

nm0lll»f%NM«|l*AI|l*  04MI  / Olff 


634 


*X! 


%M 

«H 

III 

«» 

%M 

Ml 

IIT 

Mi 


M? 


MT 


*1t 

%»l 

ttl 

** 

*Tf 


KMI  lit  IMS  MfCIJM  CNMf  Hf  • MCI*  LMIM  CM  MU 

•♦«*  CMKMH  •••• 

r*Mif  l*«MUf  HMfM  KR»  i Wtl 

c 

mu  • win  / if  .• 

MU  • M«f  I • .%» 
d!  HU  I • M«f l • .« 

< 

Al  • Ml  / I1MT 
m • CMIAII 
CCTA  • tllHAI  I 

cm.  • m 
c 

c cn m rm  mm  mm  LtMt 

c 

i • f 

« ti  lit  ICCM 

c 

c 

in  tr<HHSI>M.Mt.l«M 

«M  Mil  fCH.MtlOWI  * 1 1 .TMI  I » .%L  1 1 » .OHti  .mm  If » .TMlf » .Hlf  I .Old 

m rwmumjmj—”  t mm  - mttt  ••// 

I CM.tOUMtM  Vn8fX,1MMII«  VUO/ 

• fm.ofl4C-trr.rti.i.rii.s.ris.i.rit.f/ 

•f^HMM  ,Tli.l.ril.S.riS.l.rtt.t////l 
mi  mt  •Mi 

M r«Mll  MMM40IM  CM  kill//  L4MIM  CM. 

• m.llMK  UMM  C4//WMI«-ir.tl.«UIOIIS.V. 

• OfMC-Cr.M.tlACMOl 

m tic  »f.ni 

ma  •wi 

m vt  itii.tif.tis.tti.tif.tii.  tit.  mi  .mi 

tii  Miicii.mii 
mi  rotor  < ho.  tii.omo  rtiifvi 
m vt  ts» 

Tit  MIICli.Ml 
m rotor i im.w.mpm  mi 
m n tii 
tiSMimi.msi 

ms  rotor  iiM.tN.iHamiio  won 
« ft  tii 
m Miicit.mii 

in  roton  ho.  m.i  iiomcs  taxi 
it  ft  tii 
tit  Mimt.mti 

m»  fOMtfiiNi.tK.itatif  r umindi 

m ft  m 

tm  much. mi 

m ratomM.m.iouan.  mmimi 
m ft  tii 
tit  MUCH. Ml 
mt  roton  IH.  w.nraiiND » 
ti  ft  M 
7H  MifCH.Mi 
M rfltOlf  IM.TK.lfIMMIIOi 
MUM 
til  MIICH.mil 
mi  rotor i m*  jn.moKMLi 

MlfCH.tmifLtMtllHI  i .rUMSlN*ltl.atMSiN*SI  l^ltMilNHtl 
m rotofiiH»,M.r«.i.m.rt.i,v.rt.i,ii.rt.ti 
MifCH.Mi 
M rOtOIlf tt.OMMUL  I 

much.  tmiruMBiHi  .ntMtmit  i jnmmmmt  .nootuHMi 
M ft  tii 
MMffCH.ttli 

Ml  ICH.MirttMlMM  I AON «•  Ifi 
MUCH.  Ml 

MlfCHtMITiiMillfi  .IVSMtmttl 
M ft  tii 
MMIfCH.mil 

MlfCH.MlfttMt«N~l  l ^Lt«M«M»SI  l 


635 


9llfSI!SIISIIi2!!l!!2!f!!!!!fiS9&S9SGSSI!5!SfSKSSss5sssss=SI!S!!fS!!fii! 


amm 


tmj f utfMft 


omh  vr  - mx#  l«oiw  tc*  non 


IHI 


• ••• 


tfUKtt.Itti 

HII1Cl«.7U>fLMMlNt  .flO/OttN* *» 
TIC  COT  MX 
C 


c 

C miiHiiiiiiiiniKiiiimiiuniiniiiKiMHiiiiimiiiiiiiimiiiiiiiiHi 

C ftMOTIM  LOT 

c 


c 

c 

c 

c 

c 


c 


MROTIM  LOT 


I AJOA7VOI I If  I .fL040t(M»  .TUl*.  T TWAIN. IACC  l A.OCUO. BUMS 
I /fOAff/  rOAIlMt 


tlMMlON  rU0VM«H,OIA4|l.0MT'fl 

SIMM10N  DOTH! 

simmim  mi 

tlMMION  Im.ffHh'H  LOTtlfft 

ffIMMItt  4M*H«» 

tIMMIM  BOTTIM*  1.10010**1  lOTOIOt 

oimmion  4tisi.Mrm 
•MOtiOf  #r»t*i 
•immion  trsmi.iMUiffi 


N4.HIWT 

c frwtti 

•Midi  • o<*t> 

•til  Iff  I • tl*T» 

c 

C out  DMA  IOTMM 

TOfJL  • M 


MtC  • tt 
WIIC  • t.f 
HIM  • t.t 

moil  • o.t 

vu  • o.t 

MfU  • t.t 
tm#  • t.t 


MAI  TMAVMMf  tr  WAfOIMt 

MIMtttl 


or  titioifv 

/II  tHHtil 


Ltmtsst 


m • mt<i0<*ti-OitSii/<Oflff>-OHI>>»  • tOTdl  / tilt) 
KMffrai  NAIM  TO  I# 


C CM CX  rtt  L04K0  PISTON  OI«MIC* 

IT  «Sl*>  HtM.tttl.Itti 

c 

B CAOLAK  ffttlON  OMMICft  Jff.fO*  STATIC  MlflNT  .«! 

ffttl  If  IM  -ttHff.tiffttf.ffttl.ffttl 
ffttt  tONitr.t 
tONSt.t 
tt  ft  MOT 

titi  ir  tm  -m  i t.tifftti.  ffttt  .ffttt 
ffto«  tdfrifft.T 


i ir  tm 

it#  1 


t.ffot ■ .ffttt 

I/I  Ittt.t*!.  Itltll 


636 


iiinmmi  i H 


CMfliv  Mr  - 100110  mm  mu 


cmfcm 


tM 

MM  JCfrM.i 

UMIMTi 

m 

KMti.i 

10HMM 

tf» 

•MT  M9*< -l.i/f. •» •iiMN/MMH«fi 

L0OMM 

t?i 

M09*il.i/fT.|l'i  if.i'iSCM**li/l40l*aIiisi  IJT?-i*i.i*M  l/l 

it 

If.  It  (••AMI  >l 

ITI 

MtP9>Mm<iflfMJ««ti/t  .ii«ntM9.**«|i/fT.ii  i 

ifcflMft 

It 

r • M-twa/f  immummuu  • H'tMB4.ii-«MDi«'.mn 

It 

• - iMN/lS.iMCRII 

It 

M 9 MM 

•7T 

IMI  IP  • M4Tt» 

•19 

C 

•19 

c 

1001*0  rwm  mu  re  mctim  a.p.c.d 

ltMT*T9 

«m 

MM  M lilt  m.% 

mi 

lit  ruinMHf  §<W91  <Km 

Mi 

c 

til 

c 

MK  Ml* 

10mm 

tM 

fivu0-9nti 

«• 

9TMI  • l reiU9/ 1 fOTIM^UAfHlf  1 1 1 ••• 

tM 

mr«ti 

MT 

RLl!M.9t<tl 

«M 

MV9H9I1VI 

tM 

«noC«7H 

tM 

IftfMIll 

Ml 

MTU  • ilMi 

Mi 

MAMiti 

Ml 

•nwrt*  «»> 

•» 

itTMMi  men  MTMMW 

L09MM 

tM 

MIN4MCI 

tinm 

Mi 

MMiMCnM 

imnmm 

MT 

wnnimm 

imam* 

Mi 

mttiiiMi 

tM 

c 

9M 

MT  - K9) 

Ml 

MT  - 94MI 

mi 

MTMI  • I I 

Ml 

mimt  - i.e 

tM 

mmi  • t.t 

9M 

c 

9M 

MUD)  •MTTl  • .ilM» 

MT 

JNLKfl  • 9tl  • ilMUl 

9M 

CMHC  • C0t<A!9llMRTll  1 .i/COIl4NOLCC  1 lll*"f  • 

9M 

• H.i/CMl«flLf<tlll««t  - f.illl 

•It 

c 

911 

c 

MT  19  MTUCf  IM  LOOP  CMMT 

WMTHll 

•It 

lift  uop  • • 

9IS 

c 

•It 

c 

Mf  MTLfCT  100  90  0CA  UMXt  10  • 

10/7119 

•It 

M ItTl  M»|.t 

•U 

9K9NNI«i.i 

•IT 

TMl't.i 

••• 

IWMi.i 

•19 

tin  MiMi'i.i 

•M 

c 

Ml 

c 

• • • MtlN  LOOP!  • • • 

9M 

c 

Ml 

lift  M ON  14.9,1 

AM 

c 

•ft 

J • l ♦ MtmiiP 

•M 

c 

MT 

c 

4 It  MMVk  100  99*01 IP!  . >1  It  9119.  IM  9—ftlPT 

«M 

c 

Mi 

c 

tun  mm  mm  mm 

9M 

c 

f9C-«rr  4.90INI  T0C-orr  100110 

ill 

c 

90  MINI  t 19  MM 

9M 

c 

ft#  t M MM 

«J» 

( 

mm  0CK  9 M MM 

9M 

c 

M0OMU  • at 

§M 

( 

Mirr  UMH0  li  m 

19 

c 

mm.  m*m  mm  mm 

•IT 

c 

mnm  it  tt 

•M 

c 

9M0M  M *9 

637 


T—  "-T 


•MT/*  MOM  LIIIM 

(4>  M «« 


UWDIW  *«  MODULI 

HM 


MT 


MT 


Ml 


M7 


•Tt 

tri 

r* 

m 

•n 

DM 

dtt 

■« 

in 


Ml 


OCM  fM  L0«M  Ml  C0MHC9  M icaitiaf 
IT  iflMMUt-  D4l7iinM.IIM.IM> 

MM  M UN  1*1.4 


t ococ  rw  Mirt  un»im 

ITa-lt’MIt.MlI.Mlt 
MM  tni-MUMI.Mlf.ltDI 


LMTIMt 


rw  mm  01  mmim  mvoct  iamm 

IMI  mrt  • «mCT*¥l!l«40|tCCCCT*tlMPM|ltiamCIH-VII»i*rLMOIi.M 

H«rLMMU»^LMfM4|l  L4MT1IM 

LAICJUL  mmim  MCMI  LMTIMt 

M • trr«T*HHMMlCCCIt«COttMI<n«rttTt)-niH*J'LM0ftlJ-l 
II  LMTIMt 

VMDIftML  NOTCNf  LMTIMt 

iMt  m*  1 • into/fui/UMotij-niMe 

M to  MM  LMTIMt 


c Min  uoo  »«ckt  wr.TPMt  to  nm  lmtiim 

MIIA/U8  • mSM4|l«Mf1D«f.t-MLnil 
If  lOLflie  / ll.XOCtf IMIDMM.MM 

Mlt  n«OtlJi«.*flMD|IJ>  LMTIMt 

M -l-CCCtl  • HtHTtMT  - HIM  • aOMOII 

• • tnit  • niMui 

M ft  MM  LMTIMt 

c 

MM  MT  • iCCfXT  ♦ MltriT  - HIM  • TUMMOII 

• ♦ MM  • TVOfOllJl 

c 

IMtir  • tt 

IMI  • t.t 

c 

C KILTM  D.N.  LMTIMt 

MM  ••  tMIllMft  l*IMW  M 
C 

c cjlc  mm  mm  ti«  tuai  lmtiim 

c 

ira-itiMti.Mt7.Mti 
Mtl  ira-ltlMH.Mt7.MM 
MM  ira-MIMM.Mt7.MM 
C 

MM  MTMT  • DtIRIIOtIMT  . tTO/Tt  • 0<Ml  • t. MM  • IOIUO 
I • rVMMt  J*  • or  / 0<«7I  I 


M07  MTMT  • MM  It  MTMT  . tm/Tt  • Oltti  • I. MM  • T01LNB 
I • rVMUJI  • MT  / 0<t7)  ) 

c 

C Cllf  MMCINO  0 (NO  f 

IMt  to  MM  Ml.l 
tttt  DOT  INI*  DIMM) 

€ 

e vi  mho  occx  cam 

pm  - t.t 

c 

c rno  ftiwi  ouTCictt 

MM  ir  n-4lMM.MM.ftll 
Mti  DO  M7t  Ml.l 

mid  oiAiNi*tt  m 't.am/iooftNi-t.tnwiNi 

to  Tt  MM 

€ 

MM  M mi  Ml.l 
IMI  DIMNI-M 
DIM  *M 


C 


MM  10  MM  Ml.l 


C 


LMTItlt 

LMTIMt 


LMTIIM 

LMTIIM 


LMTHM 

LMTIMt 


638 


OWV/M  HMI  LIST  MO 

C«D  MB  •••• 


RJMfLOM  CMM  MV  • MCf 
COfftNTf 


UWM  MM  IMU 

MM 


TIB 

VII 

719 

VII 

VI* 

m 

VM 

VIV 

via 

vit 


CAU  OROlMUNI.NV *O0fO(INOfBl 
C 

C ilBMfN  MCA  LONTlIM 

ABlN»-B.0/<OIAlNHII.OMI.0*l|.0/OOT<NH>»*t»l«MOT«(0«  / MTftllQMTIBM 
mil  / il  l*  TNOfOll««t»«fLO*M<'M»'Olf7l 

c 

c ratio  • tnoem  ma  to  kocmic  mia 

MM  RAllNI  • MINI  / IH  • BIAJNI  **9  •lit*  I.B/001INII  / OOVlMII 
C 

C oca  RATIOS  LOTTIOM 

If  1 1 . O-OAIlH  1MM.NM.MM  LOfflOM 

MM  IT  II  B4UtmiMII.MII.MV  uhvibib 


MM  If  IBARIIMM.MM.MM 

c 

1M  BB  M>l  M»l.l 
Mil  OBI  Ml*  0**101  • BlHl 

*MB  • 1 .0 
00  TO  MM 
C 

MM  CALL  LOM I RAT  .00!.  1.0. 00!  INI  I 
C 

00  M0 1 *1.1 

M0 1 001  (Ml*  0(N*I02  MOUNT 
BABB  • «. A 
M TO  MM 
C 

MM  CALL  LOMlRAT. 001.1.0.00*1 1 

M TO  MM 

C 

MM  00*T»  0(11 1 

M IB  MM 
C 

c 


C oca  riNN.  0/T.  VCTMM  AM  OlArCTn  LOfTOM 

MM  00*1  • ANINH00*T  . 0IIIII 

MM  If  1 1**  I MM.  MM.  MM  LOfltIM 

mm  Dim  • ic  m ♦o.o»»/ioo*i-«.oii*ooyi 

C AREA  no  MOM  TRlf-f  INAL  10001*0 

MM  AMCAC  • *|  • 0IAN«««  / 00*1  • (1.0  • II  .0*0*111 

C oca  f**10UB-OMCM!  APIA  iOMMMO 

If  lARMNUI-AKAC  IMI0.BM0.IM0 

C STORE  IN  TMU  M-AfCA,0/T  .L0A0  10  L0W1BM0 

MIO  ANCANI IKANCAC 


UMTIM 


iom«M 


LODIOH  11*1 

C 

c if  vena  i.  iaic  on  ion  110  loaoo 

If  I l-f  > IMt  .MM.IM0 

Moo  o*M*Off 

OMIRf*mt| 

•IM4IAR 

c 

C IMC  ANA  AT  VC  I ION  » If  L0CB*S 


c 

SMB  CONTI  MX 
C 

SMO  CON  IMC 
C 

c if  m vru ciioi.  bmars  octuction  analysis 

tfivn.1  MN.MN.MI 

c 

c oca  LMO  COUNT 

*0M  If  «LMFI10M.»OM.MM 

c 


LOflMM 

lonowo 


639 


T» 


•w»m 


NM  LICVM 


AMTIIU  OtfftV  «CI  • MCP  LAMIM  «A0  MHU 


«W  V MOT  I A Af  VCTIM  • 

WVA  / i0.0<O9«fW<ti  i • i|.0-n  0/Oft*rNitm 
• • (I.O-lt.0M0M1IHt))  • Il.0-<|.0/O0*fwit»m 


KTUCTIM  At  WCt  ION  « 

Tltl  • Ml  • <««\WfM4Vl-90fU0)”t»  / lt.i*OiMi*!0l 
tltl  • MM  • HAJMTMt>-1itUM)*at»  9 it.l*0<Mt«ri*i 
Mltl*irUMfM4tl‘f0fUM>*miJOI/ll.0*QHOO<riOl 


I A V AU  MCTMM 

HMI.A 

TOO  • Tltl  * MnMfN(MI-f0aNII/lf0fiM0-rU0tHI«IM**0 
UNI  • tltl  • liaMITMmi>90fUai/lt0lLM0^LM0lHI«m*«t 
I WHIM  • Milt)  • lirUMfH<MI-T0fU«l/<l0TU0-fUOTMit)IM*t 


MP  00  MM  9 


c 

e M MM 

«0tt  iriAttfAMAtt  - MUNI  til  - 01  It)  100 10  *10 1 0*00 10 


MAC  AKA  Af  KCTION  t 

It) 


•It 

ill 

0lt 

ill 

01% 

010 

010 

017 


Ifl  0 - IMP  lMl0.Ml0.lilt 
cum  r«i  n 

•It  00  MIS  Ml. A 
011  JNC4NI  10*0.0 


Mii  oervv  - viai  • iT0nM/imamiA)-foTuA>i*«t 
MTU  • tlA)  • ltOflM/irU0TM«A)'TOTU«n—t 
• M1IA1  • lT0rLMMlflNDIMIAI-f0fU»ll««t 

c 
c 


i ahjupauomkp  / t.a 


occx  r«  naim  m wm.  mm 

W IMf0IPl00M.Mli.0M0 


Mt  C 

mn  C UM0IAMC  IWflMM 


000 

0M 

on 


Ml 


c 

If  101  Ml  -A.#  IMM.M1I.MSI 

C 

C CVWJTC  0QQ IK  ICIQMT  WCN  A MCZLO/ITRUT 

C 

MII  ML  • 0P  • 1 . 1*00110 
C 

mm  • i I0IAH  • Mt i ii  / tfn/Tn**t 

• • I0IAJ)  • .0MMTIII  i 0TMUT0»**tl**.0  • 0OOL/0.0 
C 

mm  • i< ah  • .a  • Mini  • Mm  / 1 mjrt 

c 

tnx  man  0iMiM.r0.wfi 
c 

m • nit. mii  • iiM/vii**t  ♦ mMWTi*«ti*«.0 

• / (1.0  ♦ I l04Ml-t.il/0lMl M«ti  / M.0  - (lOlMl-t.0)*lMI)“t> 

• (••.nssi 

c 

MM  IMHf  • 04MIW407I  •STRUTS  W0M.HPIWD  04MI-I.0*/  0lMM*f) 

C 

c wow  m mu  immm 

00M  MR  • 0IAII  • AMMO  / AMARU  ti  .t.0/0IMfT0l 

MAR  • 04A1I  • .0*AM0AD  / AMARIIt  jM0  / STRUTS 


640 


3 3 1 1 I * I 3 3 i 1 3 1 1 I a I 3 g § E E £ E S E E E I i I 3 i I I I I i I i I B i I I I I i i i 3 i i S I S I I E 


u w*  imji  k it tim  Minai  cnmt  ki  - mv  inoim  km  Mate 

CM  M ••••  CMIMI  •••• 

iM«u>  m art  m mu  urntmu 

cju  aoti  HUI.MT  JNS.VMD* 

mi  fiMcrti  tamiM 

•IAMM413  ,M|»*fMT<  I IMAX/MD)  tNM'ff.MNQOH ••fit**. )))  lontsim 


ML4tClPl«eiAAK**«iMCaf/  M MA4.0TN  UMTVII 

c 

t tit  W4CM  LWTIM 

MM  MLOIlMI  • »*1  • STROK  • IM 

e 

c mm*  oumcrni  lamwi 

mtoc  •«  i muni  i >«(.9*MEMif  >*minm  ii  >/*i.0i*inj0TMi  1 1 -fuemaffirit 

him  f rant  mi  *01  mi 

e 

E HOCK  cn  NT  taiTMM 

Mas  nt ic  • tin  • v*'i  / o<«ii  t ii.t-d  i/oiMiH  • tnmimtt  - 

irLN0tMItMIME4»IWI*rU®TWII>ll*tTRUTS*0lM>  «»l«) 


NT.  NIC  .OIL 

•fia/rvioiMi  naw 

•%n.ou  •STRUTS*  01  Ml 


TOT  4.  tnVT  NT 

TOTSTN  • NTOC  ♦ NTIC  • HTML  * NTOIL  • MTT  • OtTtWT  • MT4/T 


1014.  CNOLATD  KltNT 
T0TC4.-T0TSTW-M1I 

NUN  M 44  TRIO  MIC. NT 
ir  lNraiOI«IIO.flM.»l  10 


fIM  NTNIOC*  0<f I 


fl  10  NTMtC-  0(01 


•T0TC4*  01 71 


0Q.TA 

fIM  TOT 4 • DELTA  • I TOTSTN  * NTH  I SC  - Mill  • MIT 
NTMIfC  • TOT 4.  - TOTSTN 


•II 

HI 

Ml 


•17 


C NAM  m 44  TRIO  LOOM 

If  tNTRIflflM.flfl.flM  L0NTMM 

C 

E MO  MtC  KIOMT  HmH 

fill  TOT 4.  • T0T4.  • •<IAI 

STATIC  KIMT  fOR  44  KM  MOBN 


fIM  Ml  4MII  I*IM  • 0«»i  I 


TAIL  *CU  OCCK.O-TN 

v ir  toittt  MMi.fia.oon 


tail  wen  NT 

lift  TAILNT  • (MI0H0I*4M< TOTSTN)  • •<lt>*4M<fW> 


e tm  mm  mtmtn  cmh  kctim  lawn 

•on  m mm  n-i.w 

MM  C41  aailOOUITlMH)  .NT.PTOIMI  .PTfTfNII 


•!•  C 

VO  If  tHTRIRt4lf.4lf.1WW 

VI  c 

•V  MW  IflflVIlfWO.IWf.lWf 


641 


H n m 


SiSBiSSBiBSSBBSBBZiZiZZZiZZSilitIBiIBBiBiiSBiBBEgBEtESEEEBiBBiBBBSSBiBB 


at*** 

c m m 


IIMIt  norm 


in  • a. a 

SC*  • M 


m icaoe  • umm»»  * <rufft*H»<mnfMi»>i”*  / 1.1 

• ♦ (WUMii-ffKffHfii/ra  • iruemui-riMiMifiH*  / u 

• » ikmisi  • irusiwtiAMiNiin 

• • trun mn  i * irunmi#(«fu®TM(in/*.*>  • 

• incntiti-ncwoii/f.i  • imnvM'fi-nwfmiH 

• • irunmii  • it.snuniNifttnjniHiSM/i.sii  • cottc 

• / iiruniMUi-mniNiin  • (*UNtii*#.a*ff**MS>*ff«ffiiJii/va> 


• mnumumii 

• TnMnoLCitii 


K»IC  ■ lin  • Wt  / SIMM  • «!.•-  I.S/OlMll 

• • (runiNin  * irunTH(f»*rucTHiin/s.s» 

• • imnm<f»-fU0fM(i)i  « Mcmm  • runiHin 

• • iruntMtii  - injorN(i»«ruaiH(nn/«.s>i  • ante 

• / itri  • r«*<  / otnii  • u.a  - i.intnii 

• • <ruafMit»-njnfM<i»i  • munou  • ruomiiM 

Stic  • Stic  • lAMUNDLf llll 
VCtIC  • MIC  • MMMOLflfll 


irunmiii  * runiMiln 
noil  • mhmpsiiiii 

. • TfftUNOLtltM 


l • .it  • runiMdi  • cootc 
i • ifM  • runmm  / ae 
i • t.t 

i«  lt  • runmni  • coots 
i • t.t 

i • - • runtioi  / • * 


i • runiNin  • ante 
iwn  • Twununii 
vnffn  • imam  • ummuiiiit-  icai 


M ♦nffK*Moc  • me *fctic  ♦ wok-moil  < 

• *mmn»tcan  ♦ inm*iMTAn.««moc«tfrrf«wrstr*noouT  n / iototm 
so  -turoe-sne  ♦ nr  ic*soic  • won-soon.  ♦ tomr-san 

• -tomr-son  ♦ inffs«mr*n.HmH.*>nTT**fTtr  nan  n / toisth 
st  -ihts-moc  • inicrrctic  • ktoil-kooil  ♦ otntff*vctot 

• ♦stiff  nrem  ♦ v«ffM«<wTAn.HmM.-«ffTT-wTam-«nff  n / tototu 


•IS  COffIMJC 


ut  oo  ten  m.i 
tan  LSiiMim  • a 
c 

tn  iriNT«iiitats.tm.iit 

e 

tan  sin  it. nn 

m fasnniMi .hu.mmun  unois  m Siam*  isucti.m. 
• in**  uut  mi 


Wilt  ti.il  I Mff*  Ml  1C  .WT  Iff.  .Iffiti  .BtTffff  .fttiff  Jfftai . 

• MlfTJffWK 

on  roman  mb  .on.  mourn  cn.ncoi.n/i.i/tii.npitT«.iii.ri.i/ 

• W.«WU,IR/ll/  *M,  Mil.  I'M  .ft.  I / 

• w.ian»  ttn.n/a.1/  sr.imik  inur.t.n.i/ 

• wjwn»,in^i.i/  si.wrist.in.ra.i/ 


642 


•S/tr/M 

tm  m 


i m 

IMI 

iMf 

IMS 

IM 

IBM 

IMS 

IMS 


lilt 
Mil 
Mlt 
MIS 
MM 
Mil 
MM 
MIT 
MM 
MM 
IMt 
IMI 
IMt 
IMS 
IIM 
IMf 
IMt 
IMT 
IMi 
IMf 
MM 
MSI 
M St 
MSS 
If* 
MSB 
IBM 
IB1T 
IBS 
IBM 
IBM 
IMI 
IMt 
IMI 

IMT 

IMf 

IMB 

IMT 

IBM 


IBM 

IMI 


IBM 

IBM 

IBM 

IMT 

IBM 

IBM 

IBM 

IMI 

IBM 


IBM 


IMVf  t If  HMD  JUTBTIM  CNMT  Ml  * BUT  MBIH  BCAN  NOOK 

••••  CBUTtUtt  •••• 

• Mb. lABiltC  iCALC.i.fX.fB.li 

c 

IBM  1C IB.BI  1 1 WTMK  .OOQUT  .OH Ml 
Bill  rCIBMllTBX.a»MMM».IIX.ra.|/TMtSMOGIt.ltX.rB.|/ 

• TBX.IIMIIftC  ll*Mn».fX.rB  II 


C 

BIB  MITtlB.BIf  l 

• It  resun IMI .MI.WMI  LMCINO  BCM  MIOMTt  IPOUOBl.tSX. 
I LBMI 

C 

MUM  IB. Bl  I IUTOC  .Ul  1C  .UTAH  .UTOIL  .MTItfT  .if  IMT  .UTMC . 

• UTf  I .UTNIBC 

c 

•It  Mil  1C  <B.BM ’TOTH 
BM  fQMAKIHB.TfB.MTOTH.ItX.rB  I/  I 
C 

If  IM>  * If  >BIB.BIB,BIB 
C 

•IB  MIITCIB.BITI 

•IT  rORHAl  < IM.TX.tCPVUM  l AMI  NO  BCM  DCS  ION  DATA) 


•IB  MUIKlt.BlBI 

•IB  rOMAfllMB.TK.tBMOBC  LAMINO  BLAB  OCSIOM  OAT  A I 
C 

•n  Mil TC IB. Ml MLBDIBim)  .AMANINI  .DOvammi  .PTBIN)  .PTfTlMI  .Ml  .T», 

• M.  KB. OETt.  Y.tCB. DCTlS. BCB.KFlt 

Ml  FOMIAI I IN*  .TBK.MGCS  iON.BX.THAJCA.SX.MHAfCTCJl.TX.BOCMIM. 

• S.MTQMIONH/  BBX.MCBAD.tK.1MlM  INI  .TK.BNTB.TX. 

• iBWMm.W.lBIWHB/  TM.BCflNDITI  ON.  ISX.MTNICMCM.sk. 

• Mf.BK.lM0r/  tlX.BM".l«aIMtAII0.tX.1MIWMC.TX.1MllTTIf«// 

• itx. ithoutoi  cHUccB.itR.STM.in.it.vtt.t.rit.B.rii.B/ 

« MK.»MI0(U.7X.tt.Mlt.t/lt.B.ril.B/ 

• MK.BMMTTVl.TX.It.M’lt.t.rit.B.ril.B/ 

• itx.sMttroN  <ta  act  «r  umtm  tuck  AHii.Tx.it.vitt.rita. 

• ril.B///  ItX.BTMPISTQM  OiAfCTFB  tNOCU.fT.t. 

• BK.JTMDB  - BCLOM  TBUMIM  PBINT.lM.fB.1/ 

• ICX.MMAf  T BCrUCTION  I UOCf I .fT.t. 

• M.TMB  • (X/TBQAND  IlMDAMl  mm  TBUNIQN  POINT.fB.I/ 

• ItX.MMIOC  OCfUCTHM  l|IOCfl.rT.t. 

• M.SHCB  - ATT  IfOMAMl  FIIOH  TBUMIOM  POINT,  SX.fi  1/ 

• ItX.MHNWf  OT  TMISf  iBADIAMl.rT.S/  I 

c 

If  IMTNIf  IflM.tTM.tSS 

t ' 

SSI  Mllff  iB.STBf » 

BTBf  rOMUH  IN  . 

• TfX, JBM,#  BCtim  IMO  UPC  IT  ION  IMICATMI/ 

• TTX.ItMTAtf -CfT  1C I0NT.BC.1TH.AMIND  ICIONT/ 

• BBK.MTMD  POINT. IBX. D.MTXJMIB/MK.TMBIN  IT.IM.IMl.ITX.BMB/ 

• BM.IIMPBIM  BAOC.ISI.IM.ITI.gCt/tBX.limMP  NOU.ITX.INB. 

• IT*. BCT/  tM.lPCBIfl  LAMIM.IIIJMIB.ITX.Mf/ 

• IM.tlMPCVMCmiCAL  MAN INO.n.MIt.lTX, MB/ 

• VM.MBMIM.IBX.MT/|«.TMTtJBllM,|TX,CMIf//  fX. 

• BMdf  TIC  KSIBN  L6A0  CQMITIBN  IWICATONf  ABC  ALL  B.  TIC  Kfl 
•ON  iBAOB  IOC  BITCM  IN  M IMVT  OAIAJ) 

c 

BTM  IPlNTBIBIIB.IB.tB 
C 

IB  POATITI I • TOTAL 

PDATlTtl  • UTMC  • UTTT  • UTgBC 

roAiiTii  • utoc  ♦ uric  ♦ mtah  ♦ utoil  • mtmt  • mnsit  • bobut 

PBAIIMI  • UTNIBC  ♦ BUM) 
fBAf (Tt ) • Betti 

BB  ft  39 

C 

M flMIITfl  • TOTAL 

fBBf(TT)  • UTMC  • HITT 

PSMITBI  • UTBC  • UTIC  • UTAH  • UTOIL  • MTItfT  ♦ MNM 
fBAf  ITtl  • UTNIIC 


643 


L 


•Ml/* 

MM*  L if  TIM  MVMIM  CMttT  MV  - IMKP 

umim  mm  i 

cm  m 

••••  CMTOfff 

Ml* 

IW 

V#AVIM»  • Mill 

ISM 

C 

IMS 

C SKWSH  tm  MM  ISIP  IfSUT  ■ • 

IMS 

M If MMM MSM.fMS  .SSM 

IMS 

C 

If* 

•m  If  (K#ll  ISMS  .SMS  ,SNf 

in 

c 

is* 

* 

i 

S 

if* 

c 

if* 

SMS  MH  If  IS  .!!•*»  TAlUff 

if* 

MM  rCMWfllMt.IM.ItMVAIl  l«»MT.ff  I.7M.IM**  LMT  ••//! 

if* 

C 

if* 

nmcis.tsMi 

if* 

c 

if* 

fDAIINfl  • VAIiMI 

IMS 

r#it*s>  • #.s 

IMI 

f«Af IMI  • S.S 

IMS 

FBAflNtl  • S.S 

IMS 

ftAllMI  • MSSI 

IM 

M IS  SSM 

IMS 

c 

ISM 

c mv  ir  oaia  rot  mm  mip 

Iff? 

SMS  MTT*4#CfLA*VI4UK 

IMS 

MVV*fflW 

IMS 

WHAKTII 

IfM 

c 

IMI 

M SIM  M»I.S 

IMP 

SIM  riMTHlMI-  #M»M>  • Olfll 

IMS 

c 

IfM 

*m#  sin 

IfM 

•TACT  • ItSVlMf  / IVOTUB  * fUAMltlll”! 

IfM 

CCKXTMMI 

IMS 

nnM.Nstn 

IfM 

MVM#I#TI 

IMS 

IMMSlSh 

lift 

SbfMMI 

MSI 

•MZLSMMI 

IIM 

iismi.# 

MSS 

MTU  • MSI* 

IIM 

MIMM  SI  Ml 

IIM 

c 

IIM 

C IS  MM  S CM  PISTON  DlftCTOt  IOOCO 

IIM 

H !#<•)»  TSin.SIM.Slfl 

IIM 

C MM  mm  PltfSN  DIM  TTK 

IIM 

SIM  SP  MP  • nil 

lllf 

M * SIM 

llll 

sm  w «#mi 

IIIS 

c 

III! 

C MV  IT  IMS  HACK  MM  MIP  CAM 

II* 

SMS  •OTNP'i 

lllf 

C 

III# 

SM  • M*» 

IIIS 

SM  • MSI* 

III# 

MVMV  • S.S 

III# 

SSV*#  • S.S 

IIM 

SSMV  • f f 

1*1 

c 

IIM 

sum  • mmi  • iiNun 

IIM 

Mllli  • f f 

IIM 

MIVM  • CMIAM.CH  M 

IMS 

MS*  • > f 

IIM 

C 

lift 

M If  If* 

IIM 

C 

IIM 

SSM  i 

IIM 

IIM 

c 

IIM 

C II.IIMI.  I.XIIIIIIIIIMIIIIIIIMIIIIIIIIIIIIHIIMMIIItlllMMIIIIIIII 

IIM 

C SMBfM  UM 

IIM 

C iiimiimiimimimiiimiimmmmmimii.iiiiimiiimimiim 

IIM 

c 

644 


w 


•W7/w 

C«D« 

IIM 

nr» 

MM 

MM 

IIW 

Mil 

IIW 

Mil 

iiw 

MW 

MW 

M17 

MW 

ItW 

IIW 

llftl 

MW 

IIW 

IIW 

IIW 

IIW 

11*7 

IIW 

IIW 

IIW 

11*1 

IIW 

MU 

I1W 

IIW 

MW 

MC7 

IIW 

IIW 

117* 

1171 

MM 

M7| 

IIW 


IlfVT  (.1*1110 

CONTCNV* 

MWtlH  LUNl.v.jr.Vtl 


wncriai  CN«r  in  - tccr  100110  um  mu 

IIH 

IAIMII 


OUCWION  Klll.Vll1.v191 


VI  | low-nil  I 
WIKWIIII 
VIlMW'KllI 

V«1|o-VI|l*VI#| 

VI»lo-VI I »*Vt Jl 
VI*)»-V1#I*VI  It 

VI7I  •Vtf>SVI1l*V11l/yi9) 

W*l  “VI I I/VI1I*VI||/VI*| 

W*l  «VI  I I/Vlll  *V(#I/V<§) 

w • vifinrisi  ♦ vt 7i*vi  1 1 - viiHvni 

W «TUW 

00 


14179 1 W 


LU79H9 

LI17IM 


C Ml 

c tmanuc  loads 

j 1 mi 

•ooniic  lawsictv.ctfA.c*  .vr  .or  .w  ,tn.oio.n<uci 


■.oas  • i*r*>»  • gr>i|  • riirm.i 


c*v  • vr/naao 
art  • or/n.0 « 


mm  - miMwiavay  . cva-ota  . cm. -cm  , g..,, 

• M.040  ■ C0> I Ml  I 
- *.040  • SI  HI  Ml  I 


64  S 


